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CHAP.  XXXIV. 


ATMOSPHERICAL   DEPARTMENT. 

.-     JP' 

We  now  adftnce  to  the  aimoipherkml  phanomeaa  of  tliO' 
science  of  Geology ^  in  the  eztensiTe  sense  in'  which  we  haTe  eifu 
ployed  this  term ;  and  shall  proceed  to  a  brief  snrrej  of  whaterer 
is  most  cnrions  or  worthy  of  obserration  ia  the  composition  of  > 
the  Atmosphere ;  the  Tariation  of  Climate;  t|(i  extremetof  Heat  and 
Cold ;  the  existence  of  Electricity  and  electric  Powers^  as  Thunder 
and  Lightning,  Aurora  Borealis,  Water-sp^nts ;  Falling-stars,  and  « 
I^et  Fatai ;  Echoes,  Wind,  Hurricanes,  and  Storms;  the  origin  of 
Misty  Dew,  Sleet,  Snow,  Mirages,  #  JPata  Morgana,  Meteoric^ 
Stones,  and  various  other  appeanlilM  connected  with  or  depen- 
dent upon  the  preceding ;  and  whicn  collectif  ely  constitute  the 
Science  of  MtieoroUgt^. 

TOXi,  IT.  '     B 
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CHAP.  XXXV. 

OENSRAL  NATURE  OF  TUB  ATMOSPHERE. 

JLuB  atmosphere  is  that  inTisible  elastic  fluid  which  surrounds  the 
earth  to  an  unknown  height,  and  incloses  it  on  all  sides.  It  was 
thus  denominated  by  the  Greeks  in  consequence  of  the  vaTOurs 
which  are  continually  mixing  with  it,  or  combined  in  it*.  lu 
contemplating  the  nature  of  the  atmosphere  there  are  two  points 
of  considerable  importance  to  be  attended  to^  respecting  which 
Hwrefore  we  shall  offer  a  summary  of  the  best  established  facts  and 
•pinions  of  the  present  day  ;  and  these  are  the  materials  that  enter 
into  its  composition,  and  the  changes  to  which  it  is  liable. 

SECTION    I. 

Composition  of  the  Atmosphere. 

Neither  the  properties  nor  the  composition  of  the  atmosphere 
aeems  to  haye  occupied  much  of  the  attention  of  the  ancients. 
Aristotle  considered  it  as  one  of  the  fopr  elements,  situated  be- 
fween  the  regions  of  water  and^r^,  and  mingled  with  two  exha' 
iaiionSfiht  dry  and  moist ;  the  first  of  which  occasioned  thunder, 
lightning,  and  wind ;  while  the  second  produced  rain,  snow,  and 
htSL  The  ancients,  in  general,  seem  to  have  considered  the  blue 
odours  of  the  sky  as  essential  to  the  atmosphere ;  and  several  of 
IMr  philosophers  bellered  that  it  was  the  constituent  principle  of 
atfier  bodies,  or  at  least  that  air  and  other  bodies  are  mutually 
comrertible  into  each  odier.     Thus  Lucretius  : 

Senper  eDim  qnodcnaque  fluit  de  rebus,  id  omne 
^  Acrif  ia  BBgnann  fertor  mare :  qui  dM  contra 

Corpora  retribaM  rebut,  recreetqoe  fluenieU, 
Qnnia  jam  resolota  foreutt  et  in  aemvena. 
Hand  igittir  cetsat  gigqi  dff  rebus  et  in  rei 
Reddere  asiidae,  quonian  fluere  omnia  constat.  Lib.  ▼.  874 . 


•  From  «rfMc,  a  vapour,  and  t^^Xfm^  aiplMMb 


COlMpSITlON  OF  THB  ATMOSFHERE'  3 

All  Ihal  poan  profuie 
From  IbiDKii  prr)>«liml,  Uic  tasl  ocean  jolni 
or  lirnibliiDe  ;  itblch  irto  tfainp  ns"" 
Pjdd  nol.  IhiB  bnllancing  the  las  mutaind. 
All  inlo  air  Kould  dbiipolr  oiid-die. 
lIcDce,  iMm  rroin  Ibiop,  (n  Ihingi  air  tlill  rclumi 
Cuiiel«n,  u  iirovc  Uieit  fluclualiiiK  (ami.  Gooo, 

But  tliesc  ojiiaioui  conl'iDneJ  in  the  ttMJjf  o(  TSgue  conjectures, 
nil  the  matter  was  cii>k'ined  by  llie  sagacity  of  Hales,  and  or  those 
philoiophm  who  followed  his  illuslrioiis  career. 

It  was  not  till  tlic  time  of  Bacon,  nho  tint  taugliE  manfetml  to 
'  IiiTetllgate  natural  phenomena,  lliat  (he  atmDSt>liere  began  to  be 
tntntlgated  wilh  precision.  Galileo  iiitroiluc«(l  the  study  by 
poiating  out  lis  weiiihl ;  a  subject  which  wasaoou  after  iarestigatcd 
cainpl«t«1y  by  TorriceUi,  Paschal,  Sec,  lis  density  and  elasticity 
were  ucertaEnod  by  Boyle  and  the  Florence  AcaJemiciani^.  Ma. 
riolte  tneanred  its  dihiability ;  Hooke,  Newton,  Coyle,  Der. 
ham,  pa[al«d  out  its  rclaliun  to  tight,  to  sounit,  and  to  clectri. 
city.  ?f«i)t6n  esjiUiiied  the  effect  produced  upon  it  by  moisture; 
from  which' Halley  attempted  to  explain  Ihc  changes  in  its  weight 
indicated  by  the  barometer.  But  a  conipkle  enumeration  of  the 
diKOTerics  made  upon  the  atmosphere  in  general  belongs  to  pnew 
maiiet;  n  icieUce  wliich  treats  professedly  of  tlie  mechanical  pro. 
jiertiM  of  air. 

The  knowledge  of  the  component  parts  of  the  atmosphere  did 
IMltkerp  pace  with  the  iiiTcstii^alion  of  its  mechauical  properties. 
Th«  opinions  of  the  pariier  chemists  concerning  U  are  too  Vague 
and  ab*ord  to  merit  any  particular  notice.  Boyle,  however,  and 
Ut  contomporariet,  pnt  it  beyond  doubt  that  the  atmosphere  con. 
tiiaed  two  diMinct  subs  lances.  I.  An  elastic  fluid  dlslinguiihea 
by  the  name  of  air.  H.  Water  in  a  state  of  vapour.  Besides 
these  two  bodies,  It  was  supposed  that  the  atmosphere  contained 
apvat  tariety  of  other  substances,  which  were  continually  mli. 
ing  with  it  from  the  earth,  and  which  often  altered  its  properties," 
and  mdered  it  noxious  or  fatal.  Since  the  discovery  of  carbonic 
add  gH  by  Dr.  Black,  it  has  been  ascertained  that  this  elastic  fluid 
alwayt  eooilltutei  a  part  of  (he  atmotp'hi're.^  The  conitilueot  part* 
of  th*atmo*pher«  therefore  are, 


ATMOSPBBRIC   AIR. 


1*  Air,  3.  Carbonic  acid  gas, 

2.  Water,  4«  UnkDown  bodies. 

These  shall  form  tEe  subject  of  the  fonr  following  Sections* 

[7%om#oitV  Chemistry^ 


SECTIOK   It. 


Umoifiheric  Air. 

TnE  word  Air  scedrto  have  been  used  at  first  to  denote  the 
atmosphere*  in  general ;  b«t  philosophers  aftet-wards  restricted  it 
to  tha^lastic  fluid,  which  constitutes  the  greatest  and  the  most 
important  part  of  the  atmosphere,  excluding  the  water  and  the 
other  foreign  bodies  which  are  occasionally  found  iQixed  with  it. 
For  manj  years  all  permanently  elastic  fluids  were  considered  an 
afar,  from  whatever  combinations  they  were  extricated,  and  sup. 
posed  to  possess  exactly  the  same  properties  with  the  air  of  the 
atmosphere.  It  is  true,' indeed,  that  Van  Helmont  suspected  tliat 
Aastlc  fluids  possessed  different  properties ;  and  that  Boyle  ascer- 
iafned  that  all  elastic  fluids  are  not  capable  of  supporting  combus. 
<ion  lilce  air.  But  it  was  not  till  the  discoTeries  of  Cavendish  and 
Priestley  had  demonstrated  the  peculiar  properties  of  a  Tariety  of 
elastic  fluids,  that  philosophers  became  sensible  that  there  existed 
various  species  of  them.  In  consequence  of  this  discovery,  the 
word  air  became  generic,  and  was  applied  by  Priestley,  and  the 
British  and  Swedish  philosophers  in  general,  to  all  permanently 
•lastic  fluids,  while  the  air  of  the  atmosphere  was  distinguished  bj 
tke  epithets  of  common  or  atmospheric  air :  but  Macquer 
tbonght  proper  to  apply  the  term  gas^  first  employed  by  Van 
Helmont,  to  all  permanently  elastic  fluids  except  common  air,  and 
10  confine  the  term  air  to  thi&last  fluid.  This  innovation  was  scarcely 
neoessaiy ;  but  as  it  has  nowbeen  generally  adopted,  it  will  bo 
proper  to  follow  it.  By  the  word  air,  then,  in  th'is  Section,  i» 
ncMt  only  common  air,  or  the  fluid  which  forms  by  far  the  greatest 
jpart  of  the  atmosphere. 

The  foreign  bodies  which  are  mixed  or  united  with  air  in  the  at* 
flMMphere  are  so  minuted  quantity  compared  to  it,  that  they  have 
no  very  sensible  influence  on  its  properties.  We  may  tlierefore 
consider  atmospheric  air,  when  in  its  usual  state  of  dryness,  as 
tnffriwitly  pure  for  examination* 
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I,  Alr!i  as  enstic  fluid,  imUible  iod^d,  buf  easily  rccogniz. 
«I  by  Us  projierlies.  lU  Kpoci&c  graTity,  according  to  the  espe. 
rim^ots  of  Sir  George  Shuckbargh,  when  the  barometer  is  at  30 
iDcbes,  and  Ibe  Ihermomefer  betwetn  50°  and  60°,  ik  usually  reck. 
ontj  l-OOO:  It  19  816  limes  lighter  than  water.  One  hundred 
cubic  iaclies  of  air  weigh  31  graius  Iroy. 

But  *t  air  is  an  elasliu  Ituid,  and  compressed  at  the  surface  of 
the  etrtk  by  the  nhole  weight  of  (f^t  incumbent  atmosphere,  its 
deniily  diroiniihes  arcart^iig  lu  its  hejgbt^oTe  the  surface  of  ibe 
«art)i.  From  the  e»p<rimtiils  of  Paschal,  Deluc,  General  ttoy, 
Ite,  it  has  been  ascert.tined,  that  the  density  dirainislies  In  (be  ra. 
Ilo  of  the  compression.  Consequently  the  density  decreases  in  a 
geometrical  progression,  while  the  heights  in crtase  in  an  arithme- 
tical progression. 

Oagu«r  had  suspectsd,  from  his  ohserTBlIons  made  on  tho 
Ande»,  flat  at  considerable  heights  (lie  density  of  the  air  is  no 
tapg«t  proportional  to  the  compressing  force  • ;  but  the  eiperi. 
menu  ofSuisSiire  junior,  made  upon  Mount  Rose,  hare  demon, 
tinted  the  contrary +. 

3.  Although  the  sky  is  hbII  knoxrn  to  hare  a  blue  colour,  yet 
it'  cannot  be  doubled  that  air  itself  is  altogether  colourless  and  in. 
tisible.  The  blue  colonr  of  the  sky  is  occasioned  by  the  vapours 
whidi  arc  always  mixed  with  air,  and  which  have  the  property  of 
rtflecting  the  blue  rayit  more  copiously  than  any  other.  This  has 
be«n  proved  by  the  eKperiments  i^hich  Saussure  made  with  his 
egaaomcler  at  difl'erenl  heights  above  the  sutfaca  of  the  earth. 
Th[y  inslmment  consisted  of  a  circular  bani)  of  paper,  divided 
■Bla  fiflyoae  parts,  each  of  which  was  painted  with  a  different 
sVade  of  blae  ;  beginning  with  the  dL-epesI  mited  with  black,  to 
(be  liglileit  mixed  with  white,  lie  found  that  the  colour  of  the 
tky  always  corresponded  with  the  deepest  shade  of  blue  the  higher 
(bp  observer  ii  placed  above  the  surface  ;  consequently,  at  a  cer. 
tidn  height,  the  blue  will  disappear  altogether,  and  the  sky  appear 
black  i  that  is  to  say,  will  refli^ct  nu  light  at  all.  The  colour  be. 
comM  always  lighter  in  proportiun  to  the  vapours  mbed  with  Ih^ 
air.     Beuce  it  is  evidently  owing  to  ihem  'i. 

*  Ucm.  Par.  1133.  p.  619.  i  lour,  de  Phyi.  iiivi.  M. 

J  Samuur,  \«juif  daw  In  A1|i«*,  iv.  S88. 


teJ. 


6  JkTBIOSPHBRIC  AIR* 

9«  For  m^ny  ages  air  jras  considered  as  an  elfBient  or  pimple 
sabstance*  For  the  knowledge  .of  its  componeot  parts,  we  are 
indebted  to  the  labours  of  those  philosophers  in  whose  hands  che. 
ibktry  advanced  with  such  rapidity  during  the  last  forty  years  of 
the  1 8th  century.  The  first  step  was  made  by  Dc.  Priestley  in 
1774,  by  the  discovery  of  oiygen  gas.  This  gas,  according  to 
^e  prevailing  theory  of  the  time,  he  cqpsidcred  as  air  totally  de. 
priTed  of  phlogiston  ;  azotit;  ju,  on  the  other  hand,  was  air  sa- 
turated with  phlogiston.  H<He  he  considered  common  air  as 
oxygen  gas  combined  with  an  indefinite  portion  of  phlogiston, 
varying  in  purity  according  to  that  portion ;  being  always  the 
purer  the  smaller  a  quantity  of  phlogiston  it  contained* 

Wbile  Dr.  Priestley  was  making  experiments  on  oxygen  gas, 
Sebeele  proceeded  on  the  analysis  of  air  in  a  different  manner.  He 
observed  that  the  liquid  sulphurets,  phosphorus,  and  various  other 
t)odies,  when  confined  along  with  air,  have  the  property  of  dimi- 
Bishing  its  bulk  ;  and  this  diminution  always  amounts  to  a  certain 
proportion,  which  he  found  to  be  between  a  third  and  a  fourth 
part  of  the  whole.  The  residuum  was  unfit  for  supporting  flame, 
and  was  not  diminished  by  any  of  the  processes  which  diminish 
common  air*  To  this  residuum  he  gave  the  name  of  foul  uity 
I*rom  these  experiments,  he  concluded  that  air  is  a  compound  of 
two  different  elastic  fluids :  namely,  foul  air^  which  constitutes 
more  than  two^thirds  of  the  whole,  and  another  aity  which  is 
alone  capable  of  supporting  flame  and  animal  life.  This  last  air 
lie  extricated  from  nitre  by  heat,  from  the  black  oxide  of  man- 
ganese, and  from  other  substances,  and  gave  it  the  name  of  empjr 
teal  air.  He  showed  that  a  mixture  of  two  parts  of  foul  air  and 
one  part  of  empyreal  air,  possesses  the  proportion  of  common  * 
air*. 

The  foul  air  of  Scheele  was  the  same  with  the  phlogisticated  air 
of  Priestley,  or  with  what  is  now  known  by  the  name  of  azotic 
ga$.  His  empyreal  air  is  the  same  with  the  dephlogisticated  air 
otPriesUey,  or  with  what  is  at  present  called  oxygen  gas.  Ac- 
cording to  him,  therefore,  air  is  a  compound  of  two  parts  of 
azotic  and  one  part  of  oxygen  gas.  He  accounted  for  the  diminu* 
tion  of  air  by  the  liquid  sulphurets  and  other  similar  bodies  by 

*  Scheele  on  Jir  and  Fin,  p.  7^  &c.  £ii|^l.  Transl. 
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his  theory  of  the^composition  of  calorie,  whidi  he  cbntlderecl  as  k 
coropoond  of  phlogiston  and  oxygen  gas.  According  to  him,  thi 
phlogiston  of  the  sulphuret  combines  with  the  oxygen  of  the  ahr; 
and  passes  through  the  vessels  in  the  state  of  caloric,  #Hile  tile 
azotic  gas,  which  has  no  affinity  for  caloric^  is  left  behind* 

While  Scheele  was  occupied  with  his  ejrperimentson  air,  Layoislet 
was  assiduously  employed  on  the  same  subject,  and  was  led  by  a  dl^ 
ferent  road  to  precisely  the  same  conclusion  as  Scheele.  By  oxidizing 
mercury  in  a  vessel  filled  with  common  air,  and  heated  to  the  bolU, 
ing  point  of  mercury,  he  abstracted  the  greater  part  of  its  oxygeii 
gas ;  and  by  heating  the  red  oxide  thus  formed ;  he  reconverted  it 
into  mefcury,  while  at  the  same  time  a  quantity  of  oxygen  gas 
was  extricated.  The  residuum  in  the  first  experiment  possessed 
the  pro|>erties  of  azotic  gas  ;  but  when  the  oxygen  gas  extricated 
from  the  mercury  was  added  to  it,  the  mixture  assumed  again  the 
properties  of  common  air.  Hence  he  concluded  that  air  is  com* 
posed  of  azotic  gas  and  oxygen ;  and  from  a  variety  of  expert* 
ments  he  determined  the  proportions  to  be  73  parts  of  azotic  fjki 
and  27  parts  of  oxygen  gas.  He  demonstrated,  too,  that  when 
air  if  diminished  by  liquid  sulphurets,  metals,  &c.  the  oxygen  gas 
which  is  alMtracted  combines  with  the  suTphurefs,  &e,  and  con- 
verts them  into  acids  or  oxides  according  to  their  respective' da* 
tnre. 

Air,  then,  is  a  compound  of  oxygen  atid  azotic  gas  :  but  li 
becoflMS  a  question  of  considerable  consequence  to  determine  the 
proportion  of  these  two  ingredients,  and  to  ascertain  whether  that 
proportion  is  in  every  case  (he  same.  Since  azotic  gas,  one  of  the 
component  parts  of  that  fluid,  cannot  be  separated  by  any  suib* 
stance  with  which  chemists  are  acquainted,  the  analysis  of  air  dia 
only  be  attempted  by  exposing  it  to  the  action  of  those  bodies 
which  have  the  property  of  absorbing  its  oxygen.  By  these  bo« 
diet  the  oxygen  gas  is  separated,  and  the  azotic  gas  is  left  behindy 
and  the  proportion  of  oxygen  may  be  ascertained  by  the  dimina^ 
tion  of  bulk ;  which  being  once  known,  it  is  easy  to  ascertain  the 
proportion  of  azotic  gas,  and  thus  to  determine  the  exact  relat^O 
qaantitj  of  the  component  parts  of  air. 

After  the  composition  of  the  atmosphere  was  known  to  philoso-' 
phers,  it  w^  taken  for  granted  that  the  proportion  of  its  oxygen 
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!fariies  at  Afferent  timcf  and  iq  different  places ;  and  that  npan 
tys  Tariation  depended  tlie  purity  or  noxious  qualities  of  air. 
Qeiice  it  became  an  object  of  the  greatest  importance  to  get  pos- 
teeslon  of  a  method  to  determine  readily  the  quantity  of  oxygen  in 
m  giren  portion  of  air»  Accordingly  rarious  methods  were  pro. 
posed,  all  of  them  depending  upon  the  property  which  many  bo. 
dies  possess,  of  absorbing  the  oxygen  of  the  air  without  acting 
upon  its  azote.  These  bodies  were  mixed  with  a  certain  known 
quantity  of  atmospheric  air  in  graduated  glass  ressels  inrerted  over 
water,  and  the  proportion  of  oxygen  was  determined  by  the  dimi- 
sintion  of  bulk.  These  instruments  received  the  name  oieudidme" 
tftfrsy  because  they  were  considered  as  measures  of  the  purity  of 
air.  The  eudiometers  proposed  by  different  chemists  may  be'  re. 
daoed  to  fire. 

1.  The  first  eudiometer  was  made  in  consequence  of  Dr.Priest* 
ley's  discovery,  that  when  nitrous  gas  is  mixed  with  air  of  er  wa« 
ter^  the  bulk  of  the  mixture  diminishes  rapidly,  in  consequence  of 
the  combination  of  the  gas  with  the  oxygen  of  the  air  and  the  ab* 
iorption  of  the  nitric  acid  thus  formed  by  the  water.  When  ni. 
irons  gas  is  mixed  with  azotic  gas,  no  diminution  at  all  takes 
place.  When  it  is  mixed  with  oxygen  gas  in  proper  proportions, 
the  absorption  is  complete.  Hence  it  is  erident,  that  in  all  cases  of 
a  mixture  of  these  two  gases  the  diminution  will  be  proportional 
to  the  quantity  of  the  oxygen.  Of  course  it  will  indicate  the  pro- 
portion of  oxygen  in  air ;  and  by  mixing  it  with  different'portions 
of  air,  will  indicate  the  different  quantities  of  oxygen  which  they 
tontain,  provided  the  component  parts  of  air  be  susceptible  of  nu 
riation.  Dr.  Priestley's  method  was  to  mix  together  equal  bulks  of 
air  and  nitrous  gas  in  a  low  jar,  and  to  transfer  the  mixture  Into  a 
narrow  graduated  glass  tube  aboat  three  feet  long,  in  order  to  mea. 
sure  the  diminution  of  bulk.  He  expressed  this  diminution  by  the 
number  of  hundred  parts  remaining.  Thus,  suppose  he  had  mixed 
together  equal  parts  of  nitrous  gas  aod  air,  the  sum  total  of  this 
mixture  was  200  (or  2*00) :  suppose  the  residuum  when  mea« 
sured  in  the  graduated  tube  to  amount  to  104  (or  1  '04),  and  of 
course  that  Qd  parts  of  the  whole  had  disappeared,  he  denoted  the 
purity  of  the  air  thus  tried  by  104.  A  more  convenient  instrument 
vas  invented  by  Dr.  Falconer  of  Bath ;  and  f  ontana  greatly  Im^ 
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fmrtd  (UtoM  method  of  meftsariiig  the  piiritj  of  air.  A  description 
of  bu  eo^ioiDeler  was  published  by  IngeDhousz  in  the  first  Tolaiii^ 
•f  hi*  Ezperimeots ;  bat  it  was  Mr.  Carendish  who  first  brought 
this  cwdiometer  to  sach  a  state  of  precisk^n  as  to  be  enabled  to 
•scertaiii  correctly  the  oonstitaeots  of  air.  lib  method  was  to  put 
125  measores  of  nitrous  gas  into  a  glass  vessel,  and  to  let  up  into 
it>erj  slowly  100  measures  of  the  air  to  be  examined,  agitating 
the  vessel  containing  the  nitrons  gas  daring  the  whole  time.  The 
diminntioo  of  bulk  when  the  process  was  conducted  in  this  way 
was  almost  oniform.  The  greatest  was  110,  .the  least  I00«8 ;  tho 
mc«B  106*^  The  Tariation  he  foand  to  depend,  not  upon  the  air 
examined,  but  upon  the  state  of  the  water  in  which  the  experiment 
was  made.  If  this  experiment  was  reversed,  by  letting  up  tbo 
nitrons  gas  to  common  air,  he  used  100  measures  of  each,  and  the 
diminution  in  that  case  was  only  90  measures. 

This  constancy  in  the  diminution  of  the  bulk  of  all  the  df flTerent 
spedmens  of  common  air  examined,  induced  Mr.  Cavendish  to  con. 
dude  that  the  proportion  between  the  oxygen  and  axote  in  com* 
mon  air  does  not  vary.  To  find  the  absolute  quantity  of  oxygen 
in  air,  he  mixed  together  oxygen  gas  and  asote  in  various  propor* 
tlons,  and  at  last  found  that  a  mixture  of  10  measures  of  the  purest 
oxygen  which  he  could  procure  with  38  measures  of  azote,  was 
jost  as  much  diminished  by  the  nitrous  gas  as  the  same  bulk  of 
comoMMi  air.  Hence  he  concluded  that  air  is  composed  of  10  parts 
by  bulk  of  oxygen  and  38  of  azote,  which  gives  us  for  its  oompo* 
fitioD  per  cenU 

79*16  axote 
20-84  oxygen 


100-00 
or  very  nearly  21  per  cent,  of  oxygen  gas*. 

Other  philosophers,  who  did  not  pay  that  rigid  attention  to  pre. 
ctsion  which  characterises  all  Mr.  Cavendishes  experiments,  ob. 
tained  variable  results  from  the  nitrous  gas  eudiometer.  Most  of 
the  circumstances  which  occasion  the  variation  were  pointed  out 
by  Cavendish  ;  but  they  seem  to  have  escaped  the  observation  of 
succeeding  chemists.     Humboldt's  attempt  to  render  the  eudiome. 

♦  rtiiL  TrtM,  1808,  p.  107. 
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ierof  Footana  accurate  did  not  svcceed*.  But  Mr.Daltoo  has 
iltely  «xpiaiDed  the  anomalies  in  a  Tery  luminons  maoaer.  Ac* 
•f  fdiog  to  this  philosopher,  oxygen  gas  and  nitrons  gas  are  capable  ' 
pf  uniting  in  two  proportions:  11  measures  of  oxygen  gas  uniting 
•ither  with  36  measares  of  nitrons  gas,  or  with  twice  36,  =  72 
aMasnrei.  Both  of  these  compoonds  are  soluble  in  water.  If  the 
tube  be  wide,  a  considerable  portion  of  nitrous  gas  comes  at  once  in 
contact  with  the  oxygen.  Hence  the  latter  gas  combines  with  a  maxl. 
ipnm  of  nitrous,  especially  if  agitation  be  employed.  In  a  narrow 
lube  the  oxygen  combines  with  the  minimum  of  nitrous  gas,  pro* 
Tided  no  agitation  be  employed,  and  the  residue  be  poured.soon  into 
another  vessel*  When  intermediate  proportions  are  used,  the 
absoi[ption  will  be  intermediate.  Mr.  Dalton ^recommends  a  narrow 
tube ;  ihe  nitrous  gas  b  to  be  only  in  the  proportion  requisite  to 
form  the  minimom  combination ;  no  agitation  is  to  be  employed  ; 
•pd  when  the  diminotion  is  completed,  the  gas  must  be  transferred 
to  another  tube*  To  100  measures  of  air  add  about  36  of  nitrous 
gas;  note  the  diminution  of  bulk,  and  multiply  it  by  7.19ths;  the 
product  gires  the  bnlk  of  oxygen  in  the  air  examined  f . 

In  order  to  get  rid  of  the  anomalies  which  had  perplexed  former 
•xperimenters,  Mr.Dary  proposed  to  employ  the  nitrous  gas  in  a 
diifierent  state.  He  caused  sulphate  or  muriate  of  iron  to  absorb 
this  gas  to  saturation,  and  employed  the  dark  brown  liquid  thus 
obtained  to  deprire  air  of  its  oxygen.  A  small  graduated  glass 
tube»  filled  with  the  air  to  be  examined,  is  plunged  into  the  nitrous 
solotion,  and  moved  a  little  backwards  and  forwards.  The  whole 
of  the  oxygen  is  absorbed  in  a  few  minutes.  The  state  of  greatest 
absorption  ought  to  be  marked,  as  the  mixture  afterwards  emits  a 
little  gas,  which  would  alter  the  result.  By  means  of  this  Mr. 
Davy  exai^ined  the  air  at  Bristol,  and  found  it  always  to  contain 
about  0'21  of  oxygen.  Afr  sent  to  Dr.Beddoes  from  the  coast  of 
Guinea  gave  exactly  the  same  result. 

2«  For  the  second  kind  of  eudiometer  we  are  indebted  to 
Scheele.  It  is  merely  a  graduated  glass  vessel,  containing  a  given 
quantity  of  air  exposed  to  newly  prepared  liquid  alkaline  or  earthy 
Sttlphurets,  or  to  a  mixture  of  iron  filings  and  sulphur,  formed  into 

a  paste  with  water.    These  substances  absorb  the  whole  of  the 

"•'•^■"'■^^^■^"""^^^"""^^■^^^■^■^^^■""^^■^^^^"^^■■■^^^■"■^"'^""^"'^"■^^^"^■"""^^'■■^■■^^^■^^■^•^■^"^ 

*  Ann.  xxvii.  p.  f  Daltoo,  Phil.  Mag.  xxiii.  351  ^ 
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osjgen  of  the  airi  which  conrerts  a  portioa  of  tlie  salphpr  ioto  an 
add.  The  oxygea  contained  iQ  the  air  thas  examined,  Isjadgad 
of  by  the  diminntion  of  bolk  which  the  air  has  nnderfone.  This 
metiiod  is  not  only  exceedingly  simple,  bat  it  re^^uires  Tery  little 
addressi  and  yet  is  sasccptible  of  as  great  accnracy  as  any  othef 
wbaterer.  The  only  ol^ection  to  which  it  is  liable  is  its  slowness; 
for  when  the  quantity  of  air  0|>erated  on  is  considerablei  sereral 
days  elapse  before  the  diminution  has  reached  its  maximum/ 

Bat  this  objection  has  been  completely  obviated  by  Mr«I>a 
Marti)  who  has  brought  Scheele's  eudiometer  to  a  state  of  perfec 
tion.     He  found  that  a  mixture  of  iron  filings  and  sulphur  does  not 
answer  well,  because  it  emits  a  small  quantity  of  hydrogen  ga9| 
«?olred  by  the  action  of  the  sulpuric  acid  formed  upon  the  iron; 
hat  the  hydrogureted  sulphurets,  formed  by  boiling  together  sul- 
phur and  liquid  potash  pr  lime  water,  answered  the  purpose  per* 
jectly.     These  substances,  indeed,  when  newly  prepared,  have  the 
property  of  absorbing  a  small  portion  of  exotic  gas ;  but  they  lose 
this  property  when  saturated  with  that  gas,  which  is  easily  effected 
by  agitating  them  for  a  few  minutes  with  a  small  portion  of  at* 
mospheric  air.     His  apparatus  is  merely  a  glass  tube,  ten  inches 
long,  and  rather  less  than  lialf  an  inch  in  diameter,  open  at  one 
end,  and  hermetically  sealed  at  the  other.    The  close  end  is  di« 
%ided  into  100  equal  pirts,  having  an  interval  of  one  line  betweoi| 
each  division*     The  use  of  this  tube  is  to  measure  the  portion  of 
air  to  be  employed  in  the  experimenL     The  tube  is  filled  with  wa« 
ter;  and  by  allowing  the  water  to  run  out  gradually  while  the  tube 
is  inverted,  and  the  open  end  kept  shut  with  the  finger,  the  grado. 
ated  part  is  exactly  filled  with  air.    These  hundred  parts  of  air  aie 
introduced  into  a  glass  bottle  filled  with  liquid  sulphnret  of  lime 
previously  saturated  with  azotic  gas,  and  capable  of  holding  from 
two  Jto  four  times  the  bulk  of  the  air  introduced.    The  bottle  is 
then  to  be  corked  with  a  ground  glass  stopper,  and  agitated  for  five 
minutes.     After  this  the  cork  is  to  he  withdrawn  while  the  mouth 
of  the  phial  is  under  water;  and  for  the  greater  security,  it  may  be 
corked  and  agitated  again.     After  this,  the  air  is  to  be  again  trans* 
ferred  to  the  graduated  gloss  tube,  in  order  to  ascertain  the  dimi- 
nution of  its  bulk  *• 

*  Jour,  dc  Phvs.  lii.  176. 
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Air  examined  bj  this  process  sufTers  precisely  the  same  dimina« 
tioo  in  whaterer  circamstances  the  experiments  are  made  :  no  tr- 
rittlon  is  obserred  whether  the  wind  be  high  or  low,  or  from  what 
qncrter  soever  it  blows  ;  whether  the  air  tried  be  moist  or  dry,  hot 
er  cold ;  whether  the  barometer  be  high  or  low.  Neither  the  sea* 
•on  of  the  year,  nor  the  situation  of  the  place,  its  Ticinity  to  the 
sea,  to  marshes,  or  to  mountains^  make  any  difference. ,  Mr.  De 
Bfarti  found  the  diminution  always  between  0*21  tind  0*25. 

3.  The  third  kind  of  eudiometer  was  proposed  by  Vulta.  The 
fnbitance  employed  by  that  philosopher  to  separate  the  oxygen 
firom  the  air  was  hydrogen  gas.  His  method  was  to  mix  giren 
proportions  of  the  air  to  be  examined  and  hydrogen  gas  in  a  gra- 
duated glast  tube  ;  to  fire  the  mixture  by  an  electric  spark  ;  and 
to  judge  of  the  purity  of  the  air  by  the  bulk  of  the  residuum.  This 
metliod  has  been  lately  examined  by  Gay  Lussac  and  Humboldt. 
They  have  found  it  susceptible  of  great  precision.  It  is  one  of  the 
fimplest  and  most  elegant  methods  of  estimating  the  proportion  of 
bxygen  air.  When  100  measures  of  hydrogen  are  mixed  with 
€00,  or  any  greater  bulk  of  oxygen,  up  to  goO  measures,  the  di. 
ninution  of  bulk  after  detonation  is  always  146  measures.  The 
same  diminution  is  obtained  if  the  hydrogen  be  increased  up  to  a 
certain  quantity.  The  result  of  their  trials  is,  that  100  measures 
of  oxyi^n  gas  require  200  of  hydrogen  for  complete  combustion, 
which  coincides  very  well  with  the  trials  previously  made  in  this  * 
country.  Hence  the  metfiod  of  using  this  eudiometer  is  very 
simple :  Mix  together  equal  bulks  of  the  air  to  be  examined  and 
of  hydrogen  gas,  ascertain  the  diminution  of  bulk  after  combus.  , 
tion,  divide  it  by  three,  the  quotient  represents  the  number  of 
measures  of  oxygen  in  the  air.  A  great  number  of  trials,  in  dif« 
ferent  seasons  of  the  year,  of  mixtures  of  200  measures  of  air  and 
as  much  hydrogen,  gave  almost  uniformly  a  diminution  of  bulk 
amonhting  to  12(j  measures.  Now  the  third  of  126  is  42,  the 
quantity  of  oxygen  is  200  measures  of  air.  Hence  100  parts  of 
alfy  according  to  these  trials,  contain  21  of  oxygen  *. 

•4«  In  the  fourth  kind  of  eudiometer,  the  abstraction  of  the 
oxygen  of  air  is  accomplished  by  means  of  phosphorus.  This 
eudiometer  was  first  proposed  by  Achard  +.     It  was  considerabl^r 

«  Joar.  de  Phys.  Ix.  1S9.  f  Ibid.  1784,  toK  i. 
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hf  ^ffboel^  ftBd  bf  ScgaiB  and  Lofmfarf ;  tat  Bn. 
tkoDet  ;  tas  lalHj  bfoaght  it  to  a  state  of  pefftBctiaB. 

tatead  of  tiba  rapid  combastioa  of  ptasptarw,  ttit 
lapfcfr  tas  salistitated  its  spoataneaas  caatail 
tke  oijgcs  of  air  ooaplatelj;  aod  wImo  ti»  qaaatitf  ^ 
lated  OB  is  saaD,  ti»  process  is  owr  ia  a  start 
apparatas  coosists  in  a  narrow  gradaated  tata  of 
tta  air  to  ta  esaaiiaed,  iato  whick  is  iotiadocti 
ptaiplianis  fijud  opoo  a  glass  rod,  oUa  tta  tata 
Of  er  water.     The  phosphoros  staald  be  so  laog  aa  ia 
aearlj  tta  wtale  of  ita  air.     Inuaediataljr  wtaa  lopoorai 
tta  ptasptaras  aad  &1I  tta  tata.    ItasecoatioiBOtitttta 
ikt  onigiu  eoMbiacs  wilii  ptasptaras.      Tkcj  caosirt  of 
ptaraas  add,  wkick  &Us  hj  its  wd^  to  tta  tattoB  of  tta 
and  is  ataortad  bj  tta  water.    Tta  Rsidoan  if  sMfdy  tta 
gas  of  tta  air,  taldiag  a  portiao  of  ptasptarws  ia 
Berttallat  ta  asccrtaioed,  that  bj  tbU  fbsa^a  body  its  bolk 
increased  1.40di  part.      Cooseqoeotlj  tta  balk  of  tta 
diaiiMfbfd  bj  ].dOth,  gitcs  as  tta  balk  of  tta 
air  ezaadaed;  wbiak  balk,  sabstracted  fro«  tta 
air,  gives  bs  tta  proportioa  of  oxygea  ^s  coaiaifd  as  it^. 

All  the  differaot  caperiinents  wkick  baio  beta  anda  b^ 
of  this  eadftOOMter  agreo  prccisel/  io  ttair  rcsalt,  aad  ii 
tl«t  tta  proportieos  of  tbe  ingredients  of  air  are  always  tta 
aasBelj,.  aboat  0*21  parti  of  osjgan  g^  and  0*79  of  aiotic 
Berttallet  foond  tkese  proportk>as  ia  Ecjpt  and  la  Franca,  and 
tbey  tare  been  foood  ponstaatlj  ia  Ednrim^b,  in  all  tta  diflemt 
seasons  of  tta  year. 

Tbos  it  appears,  tkat  whatarer  OKtbod  ia  employed  ia  afartiacC 
oxygen  from  air,  tta  resalt  is  onilbrss,  provided  tta  es] 
nay  ta  precisely  made.      Tbey  all  iadicato  tint 
silts  very  nearly  of  21  parts  of  ojcygen  and  79  of  azoflo. 
and  Lavoiiier  leand  97  per  cenf.  of  oxygen,  tat  tbeir 


•  Au.  de  Chia.  xiii.  3S. 

f  Ammt  4€  Omb*  U.  StS- 

t  Ibid,  zxsiv.  79k  and  iow.  de  r Eciile  PMytrcko.  I.  iii.fT4. 

(  ▲  very  conYeaaeal  apporaUn  fof  wmkimfi  exxixstmtinuSk 
birlj  been  ioTCBtcd  bj  Mr.  Prpjfs  aad  described  b;  Vm  ia  FmI.  Tcaok  te 
1907. 
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W9tt  oof  suloefitibie  of  precfaion.  Air,  then,  does  not  tarjr  in 
its  composition ;  tbe  proportion  between  its  constttnents  is  cokr* 
Mid  ill  all  places  and  in  all  lieights.  Gay  Lussac  examined  air 
WoQgit  from  the'  height  of  more  than  2 1 ,000  feetabore  Pkris,  andF 
Ssmd  it  pireoiMly  the  same  as  the  air  at  tiie  earth's  snrfiu^*. 

Bdt  91' cubic  inches  of  oxygen  gas  weigh  9*14  grains,  and  f9 
inches  of  akote  weigh  SS*9€86  grains.  These  added  together 
immnt  lb  31*1086  grains,  which  ought  to  be  the  weight  of  100 
Biehes  of  common  air.  But  this  is  somewhat  greater  than  the 
wvightof  100  inches  of  air,  according  to  Sir  John  Shuckburgb' 
Kfe1yn*8  eiperinients,  w^o  found  it  only  31*0197  grains.  Thai 
difference  is  nbt' greats  and  is  probably  owing  to  a  steall  error  in 
tiM  specific  gravities  of  the  differant  gases.  According  to  this  es« 
tilnate,  100  parts  of  air  are  composed  by  weight  of 

22*91  oxygen 

77*09  azote 


100-000 
[Mr.IMton  considers  air  as  merely  a  mechanical  mixture  Of  the 
two  gases  of  which  it  is  compounded.    But  all  other  chemists  con. 
sider  it  as  a  chemical  compound :  most  of  them  as  a  compound  of 
aaote  and  oxygen  holding  each  other  in  dissolution. 

[ThomionU  Chemiitry.] 

IKCTION  111.  « 

Asmospheric  fpater» 

That  the  atmosphere  contains  water  has  been  always  known* 
Tlie-  rain  ahd  dew  which  so  oTIen  precipitate  from  it,  the  clouds 
and  fogs  with'  which  it  is  often  obscured,  and  which  deposite 
moisture  otf  all  bodies  exposed  to  them,  hare  demonstrated  its  ex- 
isteiMe<»"  in  ^ery  age.  Eren  when  the  atmosphere  is  perfectly 
transparent,  wat^r  may  be  extracted  from  it  in  abundance  by  cer. 
^n  substances.  Thus,  if  concentrated  sulphuric  acid  be  exposed 
to  air,  it  gradually  attracts  so  much  moisture,  that  its  weight  is 
increased  more  than  three  times :  it  is  conreited  into  diluted  acid, 
which  the  water  may  be  separated  by  distillation.    Substances 

•  Phil.  Mag.  xzi.  S25. 
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wkidilMTedie  property  of  abbCitliitg  wmtgr  ftwn  ft€  afnwwplierg 

ki^  received  tbe  epitliet  of  Ajf^oscapiV,  beciose  €ktj  point  ooC 

tlw  pmence  of  (hat  water.     Solpharie  acid,  the  fixod  alkaBes^ 

aariate  of  lioie,  nitrate  of  Itme,  and  in  general  all  dellqneicieni: 

talto,  possess  this  property.     The  greater  nnmber  of  aninwl  mff 

Tegetable  bodies  likewise  possess  it.     Manj  of  them  take  wittN* 

from  moist  air,  bat  gire  it  ont  again  to  the  air  when  drf*      These 

bodies  aogment  in  bnik  when  thej  receire  moktnre,  tkid  dImMrit 

afun  when  thcj  part  with  it.     Hence  some  of  them  Hav«  Beetf 

ea^klojed  as  k^romeiers,  or  raeasores  of  the  qnantltjr  of  movstimr 

contained  in  the  air  around  them.      This  thej  do  bjr  moans  4t  tin 

increase  or  diminntion  of  their  length,  occasioned  by  the  addHMl 

or  abstraction  of  moisture.     This  change  of  length  b  pr^dseiy 

marked  by  means  of  an  index.     The  most  ingenlonff  and  accnmle 

hygrometers  are  those  of  Sanssure  and  Delnc      In  the  firtt|  tk^ 

sabstance  employed  to  mark  the  moistnre  is  a  fanrnan  hair,  wkidi 

by  its  contractions  and  dilatations  is  made  to  tnm  round  an  iniieit; 

In  the  second,  instead  of  a  hair,  a  very  fine  thin  slip  of  whale* 

hone  is  employed.    The  scale  is  difided  into  100^    The  begfnninf 

of  the  scale  indicates  extreme  drjmMs,  the  end  of  it'  indicates  ex. 

treme  OMbiore.     It  is  graduated  by  placing  it  first  in  air  madoat 

dry  as  possible  by  means  of  salts,  and  afterwards  in  air  sttnratrf 

with  moistnre.    This  ^ives  the  extremes  of  the  scale,  and  tke  in« 

lenral  between  them  is  divided  into  100  equal  parts. 

Since  it  cannot  be  doubted  that  the  atmosphere  always  contalnif 
water,  there  arc  only  two  points  which  remain  to  be  investigated 7 
l.The  sUte  in  which  that  water  exists  in  air;  S.  The  quantit/ 
which  a  given  bnik  contains. 

I.  With  respect  to  the  state  in  which  water  exists  in  air,  two' 
opinions  have  been  formed,  each  of  whiclv  has  b«^n  supported  bjr 
rsry  able  philosophers.  1.  Water  may  be  dissolved  In  air  In  tho 
lamo  nwnner  as  a  salt  is  held  in  solution  by  water.  2.  It  may  bo 
mixed  with  air  in  the  state  of  steam  or  vapoar,  after  having  been 
OBnverted  into  vapour.  • 

1.  The  first  of  these  opinions  was*  hinted  at  by  Dr.  Hooke  in* 
hla  Micrographiay  and  afterwards  proposed  by  Dr.  Hal  ley;  bnt 
it  was  much  more  fully  developed  by  Mr.  I^  Roy  of  Mohtpelier' 
in  1731.  Dr.  Hamilton  of  Dublin  made  known  the  same  theory 
about  the  same  time.  The  phsenomena  in  general  coincide  re. 
markably  welt  With  this  theory.      Tbe  quantity  of  water  which 
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sir  h  capable  of  holding  io  soloUon  is  increased  bj  ereij  aagmeo^ 
ation  of  temperatnre,*  and  diminished  by  cold,  which  is  pre« 
eisely  tmalogous  to  almost  all  other  sohents.  These  analogies, 
and  sereral  others  which  will  easily  suggest  theraselTes  to  tha 
fsader,  have  indaced  by  far  the  greater  number  of  philosophers  to 
adopt  this  opinion. 

.  ^  The  second  theory^  namely,  that  water  exists  in  air  in  Jthe 
slate  of  Tapour,  has  been  embraced  by  Delac  in  his  last  treatise 
on  Meteorology ;  at  least  his  reasoning  appears  to  me  to  lead  to 
that  conclusion.  But  it  u  to. Mr.  Dalton  that  we  are  indebted  for 
iha  most  precise  infomation  on  the  subject*.  The  following 
reasons  put  the  truth  of  this  opinion  almost  beyond  the  reach  of 
oontroTersy, 

In  the*^r#l  place.  It  cannot  be  doubted  that  the  water  which 
exists  in  air,  is  deriTed  originally  from  the  waters  on  the  surface 
of  the  earth,  which  are  exposed  to  the  action  of  the  atmosphere. 
Accordingly  we  find  that  water,  when  exposed  to  the  air,  suffers 
a  gradual  diminution  of  bulk,  and  at  last  disappears  altogether. 
Thb  diminution  of  the  water  may  be  owing,  either  to  its  gradual 
solution  in  air,  or  to  its  couTertion  into  Taponr.  The  last  is  the 
common  opinion,  as  the  phenomenon  is  in  common  language  as- 
cribed to  the  eviqforation  of  the  water.  When  water  is  placed  in 
an  exhausted  receiver,  it  diminishes  in  bulk  even  more  rapidly 
than  in  the  open  air.  In  this  case,  as  no  air  is  present,  we  can 
only  ascribe  the  diminution  of  bulk  to  the  conTersion  of  the  water 
into  Tapour.  A  ccordingly  we  find,  upon  examination,  that  the 
receiver  is  actually  filled  with  water  in  the  state  of  vapour.  The 
presence  of  (his  vapour  very  soon,  by  its  elasticity,  puts  an 
end  to  the  evaporation  of  the  water.  Now,  since  water  dis- 
appears equally  whether  air  be  present  or  not,  and  exactly 
in  the  same  manner,  it  is  reasonable  to  ascribe  its  disappear- 
ing in  both  cases  to  the  same  cauie.  But  in  the  exhausted  receiver 
it  IS  converted  into  vapour.  Hence  it  is  probable  that  it  is  con* 
verted  into  vapour  also  in  the  open  air ;  and  if  so,  it  must  exist 
In  air  in  the  state  of  vapour. 

In  the  second  place,  if  the  disappearing  of  water  exposed  to  tha 
open  air  were  owing  to  solution  and  not  to  evaporation,  it  ought 
certainly  to  disappear  more  rapidly  when  it  is  exposed  to  the  action 
of  a  great  quantity  of  air  then  when  to  a  small  quantity  ;  for  the 

*  Maincbfster  Memoin9  t.  p.  517. 
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^naotilf  or  anjr  boJy  dissoUed  is  always  praportional  to  ih»  qaao> 
Htj  atiit  sulTenl,  But  (lie  very  contMry  is  nhat  acttisDy  takes 
yiaot  with  rvipect  to  the  water  contained  in  the  air.  Siuisure  hu 
ytnwri  that  water  eraporates  much  faster  at  great  heights  than  at 
the  lufface  of  the  earth,  eren  when  the  temperature  and  th* 
>i0iiiitr«  of  th«  air  ialralh  places  are  the  same.  By  comparing  a 
let  of  rxperimenti  made  upon  the  Col.du-Geaot,  at  the  height  at 
1 1  itji  feel  above  the  level  of  (he  sea,  with  a  similar  set  made  at 
GeiMfa,  133t  feet  aboTe  the  lerel  of  the  eea,  he  ascertained,  that 
nppofing  the  temperature  and  the  dryness  of  the  air  in  both 
pUtM  th*  tame,  the  quantity  of  water  evaporated  at  Geneva  is  to 
that  evHpordted  on  the  Col  du-Geant  iii  (he  same  time  and  ssma 
circuoutaDces  at  37  to  SI,  or  nearly  as  3  :  7.  Now  the  air  on 
■heCoUdu.Gcint  is  about  one.third  rarer  then  nt  GeueTa  ;  so 
tlut  the  dioiiiiutioa  of  aliou(  one.tbird  in  the  density  of  the  air 
sore  dun  daul)le  the  rale  of  eTsporaCion*.  This  is  precisely 
*hat  aught  to  be  the  case,  protidcd  the  water  which  diiappeara 
aiUes  wUh  the  air  In  the  stale  of  vapour  only ;  bat  the  very  con- 
trary o»§ht  to  bold,  if  the  water  disappeared  in  consequence  o( 
the  lolrent  power  of  air. 

In  the  Ikird  place,  it  has  been  demonstrated  by  Dr.  Black,  that 
vapoor  Is  water  combined  with  a  certain  dose  of  caloric.  Consew 
qncnlly  when  water  is  converted  into  vapoar,  a  certain  portion  at 
caloric  combines  with  it  and  disappears.  If,  therefore,  there  ia 
tlw  same  waste  of  caloric  whenever  water  p.isses  from  a  liquid 
itate,  aad  eoters  into  the  atmosphere  as  a  component  part,  w« 
bvc  reason  to  conclude  that  it  enters  into  the  atmosphere  only  ta 
Ihc  statB  of  vapour.  But  it  is  a  well  known  fact  that  cold  ia  always 
(eacrateil  during  spontaneous  evaporation  ;  that  is  so  say,  that  the 
eater  as  it  ditappears  carries  olf  with  it  a  quantity  of  caloric.  It 
it  well  known,  that  when  a  wet  body  is  exposed  to  the  air, 
trmpeiature  It  lowered  by  the  evaporation  which  takes  place  upon 
iis  lurfice.  Hence,  in  warm  countries  water  is  cooled  by 
pritiBj  it  into  porous  vessels,  and  eiposing  it  to  the  air. 
—The  water  penetrates  through  the  vessels,  evaporates  from 
Ifeir  taiCiCP,  and  carries  oS  to  much  heat,  as  even 
tw«»  to  freeze  the  water  in  the  ves^l.  Saussure  observed,  that 
tie  etaporatioa  from  the  surface  of  melted  snow  caused  it  to  frees* 
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again  when  the  temperatore  of  the  surrounding  air  was  4*5^  abore 
the  freezing  point.  Dr.  Black  has  rendered  it  probable  that  the 
qoaintity  of  caloric  which  di8app4Mir8  daring"^  spontaneous  erapora. 
tton,  is  as  great  as  that  which  is  necessary  to  conrert  water  into 
steam.  We  ha?e  a  right  then  to  conclude,  that  water,  when  it 
craporates  spontaneoaslj,  is  always  converted  into  faponr,  and 
of  course  that  it  is  only  in  that  state  that  it  enters  into  tlie  atmo. 
sphere. 

In  the  fourth  place,  Mr.  Dalton  has  demonstrated,  that  the 
water  which  exists  in  air,  possesses  precisely  the  same  degree  of 
elasticity  that  it  does  when  in  the  state  of  a  rapour  in  a  racunm 
at  the  same  temperature.  Hence  it  follows  irresistibly  that  It 
exists  in  air,  not  in  the  state  of  water,  but  of  an  elastic  fluid  or  Ta- 
pour. 

We  are  authorised  to  conclude,  then,  that  the  water  which 
exists  in  the  atmosphere  is  in  the  state  of  ?apour.  This  rapour  is 
lleld  in  solution  by  the  air  precisely  as  one  species  of  gas  is  by  ano. 
ttaer.  Henoe  the  reason  why  it  is  so  difficult  to  separate  it,  and 
why  it  is  capable  of  undergoing  a  considerable  degree  of  compres- 
sion without  assuming  the  form  of  a  liquid. 

II.  Many  attempts  has  been  made  to  measure  the  quantity  of 
water  contained  in  air ;  but  Saussure  was  the  first  who  attained 
any  thing  like  precision.  This  ingenious  philosopher  has  shown. 
In  his  Hygrometrical  Essays,  that  an  English  cubic  foot  of  air, 
when  saturated  with  water,  at  the  temperature  of  66^,  contains 
dniy  about  eight  grains  troy  of  that  liquid,  or  about  K67th  of  its 
weight,  fiut  the  ezperiment  of  Mr.  Dalton  was  susceptible  of 
more  precision.  As  the  greatest  part  of  the  water  of  the  atmo- 
phere  b  in  the  state  of  tapour,  the  elasticity  of  which  depends 
upon  the  temperature,  it  is  t>b?ious  that  this  elasticity,  provided 
it  can  be  ascertained,  must  measure  the  quantity  of  tapour  which 
exists  in  the  atmosphere^  the  temperature  being  the  same.  The 
elasticity  or  force  of  raponr  was  determined  by  this  ingenious 
philosopher  in  the  following  manner,  which  had  been  originally 
contrired  by  Le  Roy  :  he  took  a  tall  cylindrical  glass  jar,  dry  on 
flie  outside,  and  filled  it  with  cold  spring  water  fresh  from  the 
well :  if  dew  was  Immediately  formed  on  the  outside,  he  poured 
ibit  water  ont^  let  It  stand  the  while  to  increase  in  temperature, 
fifed'ihe  oatside  of  the  glass  well  with  a  linen  cl^th^  and  then 
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poured  tlie  watrr  in  again.  ThU  operation  was  to  be  continued 
till  the  dew  Cfased  to  be  forini-J,  and  then  the  temperature  of  the 
Kater  waa  olnerTed  ;  and  opposite  to  it  in  the  Table  nas  found 
the  force  of  Mpour  in  (he  atno'phere.  This  experiment  must  be 
conducted  in  the  open  Bre,  or  at  a  niudotv;  because  the  *it 
vlthin  i)  generally  more  hutoid  than  that  withoat.  Spring  water 
h  generally  aboot  SU",  and  will  mostly  answer  the  purpose  of  the 
thrM  hottest  mooths  in  the  year  :  in  other  seasons  an  artificial 
cotif  mixture  it  required. 

From  Dallou's  experiments  it  follows  that  the  quanlity  of  va. 
(Mvr  m  the  ■imospherc  is  variable  in  quantity.  Id  the  torrid 
Rme  its  ftirce  varies  from  O'ti  to  one  inch  of  mercury.  In  Britain 
It  telilaa  amconts  lo  0-6,  bat  is  often  as  ^reat  aa  0*5  during 
Mnmcr.  In  winter  i(  is  often  as  low  as  0-1  of  an  inch  of  nier* 
nryi. 

Tbete  facts  would  enable  us  to  ascertain  the  absolute  qoantily 
of  npotii  contained  in  the  atmosphere  at  any  giTcn  lime,  pro> 
riikd  we  were  certain  that  the  density  and  elailicJty  of  vapours 
follow  precisely  the  same  law  as  that  of  gases,  as  is  extremely 
likdy  lo  b«  the  case.  If  so,  Ibe  rapour  will  vary  from  ^  to 
f^pari  of  the  atmosphere.  Oalton  supposes  that  the  medium 
^UBtity  of  tapour  held  ia  solution  at  once  in  the  atmosphere  may 
«iMUt  to  abont  t>b  of  its  bulk  X  • 

[TTtomson'M  Chemistry, 


SECTION  IV. 

Almotphtric  Carbonic  Acid. 
The  ncistence  of  carbonic  acid  gas  as  a  constituent  part  of  the 
atiDo*pbere,  was  obs<-nred  by  Dr.  Blactc  immediately  after  he  had 
McertBlned  (he  natui<^  of  that  peculiar  fluid.  If  we  eipose  a  pure 
alluB  or  alkaline  earth  to  the  atmosphere,  it  is  gradually  con. 
verini  iato  a  carbonnio  by  the  absorption  of  carbonic  acid  gas. 
TUa  fiKt,  which  had  been  long  known,  rendered  (he  inference, 
tbU  carbonic  acid  gai  existed  io  (he  atmosphere,  unaroidable,  as 
Mea  aa  (he  difference  between  a  pure  alkaU  and  its  corbonate  had 
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been  ueerUmed  to  depend  upon  that  acid.  Not  only  alkalici 
and  Alkaline  earths  absorb  carbonic  acid  when  exposed  to  the  air, 
but  several  ^f  the  metatlic  oxides  also.  Hence  the  reason  that  we 
•o  oltvn  lind  the  native  oxides  lo  the  slate  of  carbonates.  Tbui 
rutl  is  alwaj's  saturated  with  carbonic  acid. 

Carbonic  acid  gas  not  only  forms  a  constituent  part  of  the  at- 
mosphere near  the  surface  of  (he  earth,  but  at  the  greati'sl  heighla 
which  the  industry  of  m.tn  ha§  been  able  tu  penetrate.  Saussurt 
found  it  at  the  top  of  Rlount  Blanc,  the  highest  point  of  the  old 
continent ;  a  point  covered  with  eternal  snow,  and  not  exposed 
to  the  influeucc  of  vegelabks  or  animals.  Lime.waler  diluted 
with  its  own  weight  of  distillc'd  water,  formed  a  pellicle  on  its  sur- 
face  after  aa  ho«r  and  three  quarters  exposure  to  the  open  air  on 
that  mountain;  and  slips  of  paper  moistened  with  pure  potash, 
acquired  the  property  of  efTervesdng  with  acids  after  being  exposed 
an  hour  and  a  half  in  the  same  place*.  Now  this  was  the  height 
no  less  tban  i5,6'(itj  feet  above  the  level  of  the  sea.  Humboldt  hai 
more  lately  ascertained  the  existence  of  this  gas  in  air  brought  by 
Mr,  Garnerin  from  a  height  not  less  than  4380  feet  above  the  sur. 
face  of  the  earth,  to  which  height  he  had  risen  in  an  air-ballooa). 
This  fact  is  a  suflicient  proof  that  the  presence  of  carbonic  acid  in 
air  does  not  depend  upon  the  vicinity  of  the  earth. 

The  diflicnlty  of  separating  this  gas  from  air  has  rcnderftd  it 
difGcult  to  determine  with  accuracy  the  relative  quantity  of  it  in  a 
given  bulk  of  air.     From  the  experiments  of  Humboldt,  it  appears  ' 
to  vary  from  0005  to  O'Ol, 

Mr.  Oalton's  experiments  give  the  quantify  much  Ecialler.  He 
found,  that  if  a  glass  ves^l  filled  with  102,400  grains  of  rain  water 
be  emptied  in  the  open  air,  135  grains  of  lirae  water  he  poured  in, 
snd  Ibc  mouth  then  closed  ;  by  sufllcient  time  and  agitation,  the 
whole  of  the  lime  water  is  jost  saturated  with  the  cailtonic  acid 
which  it  (JDtls  in  the  inclosed  volume  of  the  air:  but  1^5  nieasurea 
of  lime-water  require  7U  measures  of  carbonic  acid  gas  tu  saturate 
them.  Hence  he  concludes,  that  air  coutaios  only  1. 1400th  of' 
its  bulk  of  carboDJc  acid^. 

From  the  previous  experiments  of  Mr.  Cavendish,  however,  ' 
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Wm  ti»t  linewitrr  u  not  capable  of  drpririag  >>ror  tb««lM»W 
et  its  carbanic  scid.  A  portion  ttill  reaiains,  vbkii  c«o  only  be 
wfunti-d  either  hj  milk  of  liine,  or  b]r  rpp«a(«d  subiDgi  villi  new 
daces  nf  liniF-«>tFr.  Hence  the  qiuntitf  of  carbouic  Mkl  in  air 
ii>«»t  be  considerably  grealer  iban  it  vu  found  by  Dalioo.  I  do 
not  know  exactly  Uie  meaning  of  iimt.sater  bring  jitit  taturaU 
ftl,  Dal««  it  signifies  thit  it  refuses  to  absorb  anj  inur«  fas.  la 
thai  oue  Ibe  whole  ol  the  lime  is  held  in  solution  by  the  acid.  It 
mast  be  difficult  (o  ascertain  the  exact  point  of  saturation  acconU 
tng  lo  Ibis  sense  of  ibe  word.  We  may  conclude,  bowerer,  Iran 
DalCon's  raperiment,  that  the  bulk  of  carbonic  acid  in  air  does 
not  nncb  exceed  I.IUOOlhof  the  atmosphere  ;  but  it  is  liable  to 
Tarialioa  from  diffetenl  circumstances.  Immense  quantities  of 
carbonic  acid  must  be  constantly  mixing  with  the  atmosphere,  as 
it  la  famed  by  the  respiration  of  animals,  by  combustion,  and 
Hfetal  other  processes  nhich  are  going  on  continually.  The 
quotity,  Indeed,  which  is  daily  formed  by  these  processes  is  so 
gr«tl,  that  at  first  sight  it  appears  astonbhing  that  the  gas  don 
not  loercaae  n^A\y.  The  cooEequeucc  of  such  an  increase  would 
bs  ht»l,  u  air  containing  0-1  of  carbonic  acid  eilinguiabes  lights 
abd  is  noxious  to  animals.  Bat  we  shall  Gnd  reason  afterwards  lo 
ooQclade,  that  tlus  gas  i^  decomposed  by  regelables  as  rapidly  aa 
kbforowd. 

IThomion'i  Ckemittrj/. 


Almotpheric  unknoisn  Bodie». 

From  tlie  three  preceding  Sections,  we  see  that  the  atmospher* 
cotiu^ts  chieOy  of  three  distinct  clastic  Quids  united  together  by 
chemical  affinity;  namely,  air,  Tapour,  and  carbonic  acid  gas; 
diSering  in  their  proportions  at  different  times  and  in  different 
placet  j  bnt  that  the  aterage  proportion  of  each  it 
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But  besides  tiwse  bodies,  which  may  be  considered  as  the  coiiftti. 
toeDt  parts  of  the  atmosphere,  the  existence  of  se?eral  other  bo- 
dies has  been  suspected  in  it.  I  do  not  mean  in  this  place  to 
include  among  those  bodies  electric  matter,  or  the  substance  of 
clouds  and  fogs,  and  those  other  bodies  which  are  considered  as 
the  actire  agents  in  the  phaenomena  of  meteorologj^  but  to  confine 
mjTself  merely  to  those  foreign  bodies  which  haVe  been  occasion* 
ally  found  or  suspected  in  air.  Coneerning  these  bodies,  how- 
.Ofer,  Tery  little  satisfactory  is  known  at  present,  as  we  are  not  in 
possession  of  instruments  sufficiently  delicate  to  ascertain  their 
presence.  We  can  indeed  detect  sereral  of  them  actually  mixing 
with  air,  but  what  becomes  of  them  afterwards  we  are  unable  to 
say. 

1.  Hydrogen  gas  is  said  to  ha?e  been  found  in  air  situated  near 
the  crater  of  volcanoes,  and  it  is  very  possible  that  it  may  exist 
always  in  a  very  small  proportion  in  the  atmosphere ;  but  this 
cannot  be  ascertained  till^ome  method  of  detecting  the  presence 
of  hydrogen  combined  with  a  great  proportion  of  air  be  disco, 
vered.  From  the  experiments  of  Gay  Lussac  and  Humboldt,  it 
appears  that  air  does  not  contain  so,  much  as  3.1000th  parts 
hydrogen.  < 

2.  Carbureted  hydrogen  gas  is  often  emitted  by  marshes  in  con* 
siderable  quantities  during  hot  weather.  Bnt  its  presence  has 
ne?er  been  detected  in  air ;  so  that  in  all  probability  it  is  again  de. 
composed  by  some  unknown  process* 

3.  Oxygen  gas  is  emitted  hy  plants  during  the  day*  We  shall 
afterwards  find  reason  to  conclude  that  this  is  in  consequence  of 
the  property  which  plants  haye  of  absorbing  and  decomposing 
carbonic  acid  gas.  Now,  as  this  carbonic  acid  is  formed  at 
the  expense  of  the  oxygen  of  \he  atmosphere,  as  this  oxygen 
is  again  restored-  to  the  air  by  the  decomposition  of  the  acid, 
and  as  the  nature  of  atmospheric  air  remains  unaltered,  it  it 
clear  that  there  must  be  an  equilibrium  between  these  two 
processes;  that  is  to  say,  all  the  carbonic  acid  formed  by  com. 
bdTstion  must  be  again  decomposed,  i|nd  all  the  oxygen  ab- 
stracted must  be  a^ia-restored*  The  oxygen  gas  which  is  thus 
continually  retumin^o  the  air,  keeps  its  component  parts  always 
4t  the  sume  ratio. 
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4.  The  smoke  and  oth«r  bodies  which  are  oontinoallj  c 
into  the  air  by  eTaporatioo,  &c.  are  probably  sooQ  deposited 
again,  and  cannot  therefore  be  considered  with  proprietj  as  fbrm> 
ing  parts  of  the  atmosphere.  But  there  is  another  set  of  bodks 
which  are  occasionally  combined  with  air,  aad  which,  on  accomit 
of  the  powerful  action  which  they  prodoce  on  the  human  body^ 
bare  attracted  a  great  deal  of  attention.  These  are  known  by  thn 
names  of  matters  of  contagion. 

That  there  is  a  difference  between  the  atmosphere  in  different 
places,  as  far  as  respects  its  effects  upon  the  ho  man  hody^  has 
been  considered  as  an  established  paint  in  all  ages.  Hence  some 
places  hare  been  celebrated  as  healthy,  and  others  avoided  as  per. 
nicious  to  the  human  constitution.  It  is  well  known  that  in  pits 
aod  mines  the  air  is  often  in  such  a  state  au  to  soflbcate  aUnost 
instantaneously  those  who  attempt  to  breathe  it.  Soose  pbcetare 
haunted  by  peculiar  diseases.  It  is  known  that  those  who  frequent 
the  apartments  of  persons  ill  of  certain,  naladiesy  are  extremely 
apt  to  catch  the  infection  ;  and  in  prisons  and  other  places,  wherit 
crowds  of  people  are  confined  together,  when  diseases  once  conu 
mence,  they  are  wont  to  make  dreadful  havoc*  In  all  these  eases^ 
it  has  been  supposed  that  a  certain  noxious  matter  is  dissolred  by 
the  air,  and  that  it  is  the  action  of  this  matter  which  produces  thi| 
mischief. 

This  noaions  matter  is  in  many  cases  readily  distingniihed  by  the 
peculiarly  disagreeable  smell  which  it  commuoicatet  to  the  air« 
No  doubt  tliis  matter  differs  nccording  to  the  diseases  which  Ik 
communicates,  and  the  substance  from  which  it  has  origimtedj 
Morveao  lately  attempted  to  ascertain  its  nature ;  but  he  iOOB 
found  the  chemical  tests  hitherto  discovered  altogether  ins nflkieni 
for  that  purpose.  'He  has  pat  it  beyond  a  doubt,  however,  thai 
the  noiious  matter  which  rises  from  putrid  bodies  is  of  a  com. 
pound  nature ;  andihat  it  is  destroyed  together  by  certain  agents, 
particularly  by  those  gaseous  bodi<»  which  readily  part  with  their 
oxjgen.  He  exposed  air  infected  by  putrid  bodies  to  the  action  of 
various  substances ;  and  he  judged  of  the  result  by  the  effect  which 
these  bodies  had  in  destroying  the  fetid\a^U  of  the  air^  The 
following  is  the  result  of  his  experiments.     ^ 

1.  Odorous  bodies,  such  as  benzoin,  aromfttic  plantS|  ice»  hate 
BO  eflfecl  whaterer.     %  Neither  hare  the  solotioiis  of  myrrh^ 
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lienrohi,  Ac.  in  alcoho],  though  igitated  in  infected  air.      3.  Pjr. 
I   foligreons  acid  is  equally  inert.     •].  Gunponder,  when  fired  in  in* 
^  frcled  air,   displaces  a  portion  of  il ;    but  what  reniBitis  «till   re. 
a  iU  fetid  odour.      5. Sulphuric  acid  has  no  effect;  culphn- 
^tiou«   acid  weakens  the  odour,  but  does;  not  deslroy  it.     6.  Vi- 
■egar  dimmishes  (he  odour,  but  its  action  is  slow  and  incomplete, 
7.  Acetic  add  acts  iustanlly,  and  destroys  the  fetid  odour  of  in- 
fected air  completely.     8.  The  fumes  of  nitric  acid,  fir^^t  employed 
''  try  Dr.  Carmichael  Smith,  are  equally  efficacious,  fi.  Muriatic  acid 
I  <g»i,  lirtit  pointed  out  as  a  proper  Hgenl  by  Mnrveau  himself,  is 
.    equally  effectual.     10.  But  the  tnost  powerful  agent  is  oxymuriatic 
L  Vcid  ((SB,  first  proposed  by  Mr-Cruikshanks,  and  now  employed 
I  with  the  greatest  success  in  the  British  Nacy  and  Military  Ho>> 
;  piUli. 

Thui  there  are  four  substances  which  hare  the  property  of  de- 

i  Itroying  contagious  tnatler,  and  of  purifying  the  air :  but  acetic 

I  acid  cannot  easily  be  obtained  in  sufficient  quanlity,  and  in  a  state 

iuffictent  concentration,  to  be  employed  with  adrautage.  Nitric 

■cid  may  be  attended  with  some  inconvenience,  because  it  is  almost 

['  always  contaminated  with  nitrous  gas.     Muriatic  acid  and  oiymu« 

c  acid  are  not  attended  with  these  inconveniences;  the  last 

L  deserves  the  preference,  because  it  acts  with  greater  energy  and 

t  npidity.     All  that   is   necesury  is   (o  mil   together  two  parts  of 

rvoinmon  salt  with  one  part  of  the  black  oxide  of  mangbnese,  to 

I'  place  the  miiturc  in  an  open  vessel  in  the  infected  chamber,  and 

[  to  pour  upon  il  two  parts  of  sulphuric  acid.  The  fumes  of  ozymua 

[   ^otic  acid  are  immediateiy  exhaled,  fill  the  chamber,  and  destroy 

'    tke  contagion.      Or  the  oxymuriate  of  lime,  sold  for  the  purposes 

•f  the  bleacher,  may  be  mixed  with  sulphuric  acid,   and  placed 

Id  the  infected  apartment. 

[Tkomsoti's  Ckemislrt/^ 

SECTlow.  VI. 
Fariathn  of  the  Almosphere. 

Hatiss  thus  detailed  the  opinions  of  ancient  and  raodern 
I  ^rritera  on  the  composition  of  the  atmosphere,  we  shall  now  proceed 
[  tp  point  ont  briefly  (lie  Tuiktuw  it  exUbiu  at  different  elerationa. 
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or  Dmler  other  circani lances,  and  which  efiVcls  its  veighl,  iU pret, 
nr4,  or  ttaMlMiy,  and  ib  litrnperalurt. 

I.     Weight  and   Pressure,  or  ElaUicUy  oj  Ihe  Almotpkere : 

Jorming  the   Principle  of  Baromciert,    and  the  Accent   of 

Ballon  m. 

Elaitic  flaidi  are  diitiDgulshed  from  liquids  by  (he  absence  ot 
(II  colinirc'  force,  or  by  thrir  immediate  tendency  to  expand  when 
ihrjr  are  at  liberty.  Such  are  atmospheric  air,  steam,  and  gastei 
of  variout  kinds  ;  and  the  consiittrai  ion  of  these  fluids,  in  (he  state 
of  real,  con>titut«s  the  doctrine  of  pneumatoslatics,  or  of  the  equL 
libriutn  ofvlastic  fluids. 

That  the  air  is  a  material  substance,  capable  of  rcsistiag  pres. 
lore,  U  *asily  shown,  by  inverting  an  empty  jar  in  water;  and 
by  thr  oppration  of  transferring  airs  and  gasses  from  vessel  to 
reurl,  in  th«  pneumatic  apparatus  used  by  chemists.  The  ten* 
deDcjr  of  the  air  to  expand  is  showo  by  the  experiment  in  which  a 
flaccid  blwlder  becomes  distended,  and  shrivelled  fruit  rtcoTers  its 
foil  *ixr,  as  soon  as  the  external  pressure  is  remoTed  from  it,  by 
■hr  oprratiaa  of  the  air  pump  :  and  the  magnitude  of  tliis  expan. 
HTB  Ibrce  is  more  ditlinclly  seen,  when  a  portion  of  air  is  inclosed 
ia  a  glaw  teaael,  together  with  some  mercury,  in  which  the  mouth 
of  a  tub*  U  immersed,  while  the  other  end  is  open,  and  without 
the  vestel ;  to  that  when  the  whole  apparatus  Is  iaclosed  in  a  Tery 
long  jar,  and  the  air  of  the  jar  ia  eihanstcd,  the  column  of  mercury 
becoiDesthp  measureof  the  expansive  force  of  the  air. 

If  Ui«  diameter  of  the  tube,  in  an  apparatns  of  this  kind,  were 
very  siuall  in  comparison  with  the  bulk  of  the  air  conhned,  the  co- 
lamn  of  mercury  would  be  raised,  in  the  ordinary  circumstances  of 
the  almosphpre,  to  the  height  of  nearly  30  inches.  But  supposing 
the  maeniludD  of  the  tube  such,  that  the  portion  of  air  must  ei- 
jnnd  to  twice  its  natural  balk,  before  the  mercury  acqnired  S 
height  sofficienl  to  counterpoise  it,  this  height  would  be  15  inches 
only.  For  it  appears  to  be  a  geni'ral  taw  of  all  elastic  fluids,  that 
Ibrir  pressure  on  any  given  surface  is  diminished  exactly  in  the* 
Mme  proportion  as  (heir  bulk  is  increased.  If,  therefore,  the  ca> 
Inmn  of  mercury  in  the  Tacoum  of  the  air  pump  were  60  inchea 
lligh,  the  air  would  be  reduced  to  half  its  nnlural  bulk  ;  and  for 
be  HIM  reaion,  the  pressure  of  a  column  of  30  im-hes  o,f  mercury 
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io  the  opeo  air  will  reduce  aoj  portion  of  air  to  half  its  bulky- 
since  the  natural  pressure  of  the  atmospherei-  which  is  equal  to 
that  of  about  30  inches  of  mercury,  is  doubled  by  the  addition  of 
an  equal  pressure.     In  the  same  manner  the  density  of  the  air  in  a 
dWing.bell  is  doubled  at  the  depth  of  34  feet  below  the  surface  of 
the  water,  and  tripled  at  the  depth  of  68  feet.     This  law  was  dis* 
coTered  by  Dr.  Uookie ;  he  found,  howe?er,  that  when  a  very  great 
pressure  had  been  applied,  so  that  the  density  became  many  times* 
greater  than  in  the  natural  state,  the  elasticity  appeared  to  be 
somewhat  less  increased  than  the  density ;  but  this  exception  to 
the  general  law  has  not  been  confirmed  by  later  and  moreaccurato* 
experiments. 

Not  only  the  common  air  of  the  atmosphere,  and  other  perma* 
jiently  elastic  gases,  but  also  steams  and  fapours  of  all  kinds,  ap»  * 
pear  to  be  equally  subject  to  this  unifersal  law  :  they  must,  how* 
CYer,  be  examined  at  temperatures  sufficient  to  preserve  them  in  a 
state  of  elasticity  ;  for  example,  if  we  wished  to  determine  the 
force  of  steam  twice  as  dense  as  that  which  is  usually  produced,  we 
ahonld  be  obliged  to  employ  a  heat  30  or  40  degrees  above  that  of 
boiUog  water :  we  should  then  find  that  steam  of  such  a  density  as 
to  support,  wlieo  confined  in  a  dry  vessel,  the  pressure  of  a  cow 
Inmn  of  30  inches  of  mercury,  would  be  reduced  to  half  its  bulk 
by  the  pressure  of  a  column  of  60  inches.  But  if  we  increased  the 
pressure  much  beyond  this,  the  steam  would  be  converted  into 
water,  and  the  experiment  would  be  at  an  end. 

That  the  air  which  surrounds  as  is  subjected  to  the  power  of 
gravitation,  and  possesses  weight,  may  be  shown  by  weighing  a 
vessel  which  has  been  exhausted  by  means  of  the  air-pump,  and 
then  allowing  the  air  to  enter,  and  weighing  it  a  second  time.  In 
this  manner  we  may  ascertain  the  specific  gravity  of  the  air,  even  if 
the  exhaustion  is  only  partial,  provided  that  we  know  the  propor- 
tion of  the  air  left  in  the  vessel  to  that  which  it  originally  contained. 
The  pressure  derived  from  the  weight  of  the  air  is  also  the  cause  of 
the  ascent  of  hydrogen  gas,  or  of  another  portion  of  ahr  which  la 
rarefied  by  heat,  and  carries  with  it  the  marks  of  a  fire;  and  the 
effect  is  made  more  conspicuous,  when  either  the  hydrogen  gas,  or 
the  heated  air,  is  confined  in  a  balloon.  The  diminution  of  the 
apparent  weight  of  a  body,  by  means  of  the  pressure  of  the  siir. 
rounding  air,  is  also  shown  by  the  destractiODi  of  the  equilibriim 
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M*eFii  Iwa  bodies  of  dilferi^'nt  di^nsitlcs,  upon  (Keir  remoTSI  rroni . 
iW  op«n  air  inlo  tlie  vscuam  of  an  air-pump.  Fur  tliU  purpose,  ■ 
li|ht  bollow  bulb  of  gUts  may  be  exaclly  couiilerpuiGMl  in  the  air 
\ty  a  moch  smaller  nriglit  uC  liraK:',  with  an  indpx,  which  shons, 
OB  u  graduated  scale,  the  degree  in  which  the  large  ball  in  made  (« 
prrpftoJmto  in  (he  rccuiTi-r  of  tJie  air  pump,  by  the  rarefactiau  of 
<h(  air,  Ustcning  the  buoyaut  power  which  helps  to  bupport  its 
wwght. 

From  this  rombinsliou  of  weight  and  elasticity  in  the  atmo. 
spbrre,  it  followj,  that  its  upper  parts  must  be  ranch  more  rare 
thtn  those  which  are  nearer  to  the  earth,  eince  the  deuiity  is  every 
«)f  re  proporiiuna!  to  the  whole  of  the  superhicumbeut  weight. 
The  weight  or  a  column  uf  air  one  foot  in  height  is  one  twenty  eight 
tiiau)»ndllt  of  the  pressure;  consei|Liently  that  pressure  is  increased 
noe  twenty  eight  thousandlh  by  the  uddilion  of  the  weight  of  one 
fool,  sud  the  next  foot  will  be  denser  in  the  same  proportion,  siACa 
the  density  is  always  proportionate  lo  the  pressure;  the  pressure 
,  ibns  incieaied  will  theri'rure  slill  be  equal  to  twenty  eight  thousand 
times  the  Height  of  the  next  foot.  The  same  reasoning  may  becottti* 
nneil  without  limit,  and  it  may  beshown,  that  while  we  suppose 
(lie  height  tu  f  ary  by  any  uniform  steps,  as  by  distances  of  a  foot 
or  a  mil*,  the  pressures  and  densities  will  increase  in  continual  pro. 
portion  ;  thus,  at  the  height  of  about  3000  fathoms,  the  density 
mill  be  abont  hiilf  as  great  as  at  the  earth's  surface ;  al  the  height 
of  Ouon,  one  fourth  ;  at  9000,  one  eighth  as  great.  Hence  it  is 
Inferred  that  the  height  in  fathoms  may  be  readily  found  from  llie 
logarithm  of  the  numbereipressiHg  the  density  of  the  air:  for  the 
lojariDun  of  the  number  2,  multiplied  by  10,000,  is  3010,  the  la. 
guilhms  of  tiumhers  always  increasing  in  continual  proportion, 
when  th«  numbers  are  taken  larger  and  larger  by  equal  steps. 
Hence  wt>  obtain  an  easy  metliod  of  ilelcrraining  the  heights  of 
monniaias  with  tolerable  accuracy  :  for  if  a  bottle  of  air  wera 
clu»cly  stopped  on  the  summit  of  a  mountain,  and.  b<inj  brought 
in  tbi>  stale  iulo  the  plaiu  below,  its  moulh  were  inserted  into  a 
vessel  d(  water  or  of  mercury,  a  certain  portion  of  the  liquid  would  * 
cuter  tiM  bottle ;  this  being  weighed,  if  it  were  found  to  be  one- 
half  af  the  quantity  that  the  whole  bottle  would  contuio,  it  might 
be  concluded  that  the  air  on  the  mountdiu  possessed  oiily  half  of 
Ibe  nalitral  density,  aud  that  its  Iwight  was  3000  fallioms.     ll*p- 
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pears  also,  from  (his  statement^  that  the  height  of  a  colttmn  of 
equal  density  nvith  anj  part  of  the  atmosphere,  eqai?aleDt  to  ihm 
pressure  to  which  that  part  is  subjected,  is  eierj  where  equal  to- 
ahottt  38,000  feet. 

Many  corrections  are,  howerer,  necessary  for  ascertaining  tho 
heights  of  mountains  with  all  the  precbion  that  the  nature  of  this 
kind  of  measQreroent  admits  ;  and  they  involfe  several  determina* 
tlons,  which  require  a  pre? ious  knowledge  of  the  effects  of  heot^ 
and  of  the  nature  of  the  ascent  of  rapours. 

We  may  easily  ascertain,  en  the  same  principles,  the  height  Uf 
which  a  balloon  will  ascend,  if  we  are  acquainted  with  its  bulk  and 
with  its  weight :  thus,  supposing  its  weight  500  pounds,  and  ita 
bulk  snch  as  to  enable  it  to  raise  300  pounds  more,  its  specific  gnu 
Tily  mnbt  be  fire  eights  as  great  as  that  of  the  air,  and  it  will  cOa» 
tinue  to  rise,  until  it  reach  the  height,  at  which  (he  air  is  of  the 
tame  density:  but  the  logarithm  of  eight- fifths,  multiplied  bjr 
10,000,  is  2040;  and  this  is  the  number  of  fathoms  contained  ia 
the  height,  which  will,  therefore,  be  a  little  more  than  two  miles 
and  a  quarter.  It  may  be  found,  by  pursuing  the  calculation,  thai 
at  the  distance  of  the  earth's  semUdiameter,  or  nearly  4000  mtlei^ 
above  its  surface,  the  air,  if  it  existed,  would  become  so  rare,  thai 
m  cubic  inch  would  occupy  a  space  equal  to  the  sphere  of  Satnmla 
orbit :  and  on  the  other  hand,  if  there  were  a  mine  about  42  milea 
deep,  the  air  would  become  as  dense  as  quicksilver  at  the  bottom 
ofit. 

It  appears,  therefore,  that  all  bodies  existing  on  or  near  tho* 
earth's  surface,  may  be  considered  as  subjected  to  the  pressure  of 
a  column  of  air,  28,000  feet  high,  supposing  its  density  every  whero 
equal  to  that  which  it  possesses  at  the  earth's  surface,  and  which 
is  usually  such,  that  100  wine  gallons  weigh  a  pound  avoirdupoii^ 
creating  a  pressure  equal  to  that  of  30  inches  of  mercury,  or  34 
feet  of  water,  and  which  amounts  to  14}  pounds  for  each  square 
ioeh.  This  pressure  acts  in  all  directions  on  every  substance  which  • 
is  exposed  to  it :  but  being  counterbalanced  by  the  natural  elastL 
'dtyof  these  substances,  it  produces  in  common  no  apparent  ef« 
fceCt ;  when,  however,  by  means  of  the  air-pump,  or  otherwise^ 
Ihe  pressure  of  the  air  is  removed  from  one  side  of  a  body,  while 
it  oontinnet  to  act  on  the  other,  its  operation  becomes  extremelj 
evSdOBt.    Thus,  when  two  hollow  hembpheree^  io  contact  with 
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«>cb  otiier,  ire  eiliausied  of  air,  (hpy  are  mode  lo  cohere  wHh  great 
tmem ;  Ihvy  arv  namei)  Magdeburg  hemiiphCTpg,  hrcaase  Olln  von 
Gnerikr,  of  Magdeburg,  constructed  two  such  hemispheres,  of  suf. 
ficicnl  magniluOe  to  wiihslaad  (lie  draught  of  tiie  F.mperOT's  six 
roarJuborscs,  pulling  with  nil  their  force  to  separate  them.  By  a 
■imitar  prrssare,  a  thin  square  battle  may  be  crushed  trhen  it  i> 
inAciently  exhausted,  and  a  bladder  may  be  torn  with  a  loud  Dotte; 
and  the  band  being  placed  ou  the  tnouth  of  a  ressel  nhich  is  con. 
necteil  with  th«  air-pump,  it  is  fixed  to  it  rery  forcibly,  nhen  the 
vihaostion  is  pi-rrurmed,  by  Ihe  pressure  of  the  air  on  the  back  of 
Ihe  hknd  ;  the  Quids  also,  which  circulate  in  the  blood.vesBeli  of 
Ihc  hand,  are  forced  towards  its  lower  surface,  and  the  effect  which 
b  calleil  suction,  it  produced  in  a  very  striliing  manner.  It  is  on 
Ike  same  principle  that  cupping-glasses  are  employed,  a  partial  ei. 
fatiKlioii  being  procured  by  means  of  the  Bame  of  tow,  which  heats 
the  air,  and  expels  a  great  part  of  it :  so  that  the  remainder,  when 
il  cook,  ii  considerably  rarefied. 

It  was  Galileo  that  first  explained  the  nature  of  suclioo  from 
(b«  affecti  of  the  pressare  of  the  atmosphere  ;  and  his  pupil  Torri* 
ctIB  confimed  his  doctrines  by  employing  a  column  of  mercury,  of 
nfictent  Wight  to  overcome  the  whole  pressure  of  the  atmosphere, 
■ad  to  produce  a  vacuum  in  the  upper  part  of  (ho  Iniie  or  vessel 
cmtaiinng  It.  In  the  operation  of  sucking  up  a  fluid  through  a 
pipe,  with  the  month  or  otherwise,  the  pressure  of  Ihe  air  is  but 
partially  removed  from  the  upper  tnrface  of  the  fluid,  nod  it  be- 
coa«s  capable  of  ascending  to  a  bright  which  is  detcrmioed  by  (he 
dillerencv  of  the  densities  of  the  air  within  and  without  the  aavity 
ctucenicd  :  thut,  ao  exhaustion  ofone.fourth  of  the  air  of  the  ca. 
lily  W0«ld  enable  us  to  raise  water  to  the  height  of  8^  feel,  and 
mettarj  to  7^  iuclics,  above  the  level  of  the  reservoir  from  which 
il  rise*.  We  can  draw  up  a  much  higher  column  of  mercury  by 
Mdiing  with  the  muscbg  of  the  mouth  only,  than  by  inspiring  with 
llw  chHt,  snd  the  ditTcrencc  i«  much  more  marked  than  the  dif. 
ferenee  ia  (he  forces  with  which  we  can  blow  ;  for  in  sackini;,  the 
cavity  of  Iho  raooth  ix  rery  much  contrictoit  by  the  pres<ture  of  the 
eitemal  aJr,  ami  the  same  force,  exerted  on  a  smaller  surface,  i« 
capable  of  counteracting  a  mach  greater  liydrostatic  or  pneumatic 
pteuare. 

Whea  a  tube  of  glass,  about  three  feet  long,  closed  at  one  ead 


%  -    ■• 


1\ 


3-. 


*j 

TT  ^ 

■ 

!9 

Te-5 

m 

]S 

r»  > 

? 

17 

r:'4 

'J 

19 

79-9 

.8 

If 

^'.  t 

•7 

14 

•iCrS 

.•6 

13 

Hl-S 

7  4  ' 

li 

«;-7 

6S-S 

11 

><2' 

69-1 

10 

^rs 

«99 

9 

srr  . 

70-7  ; 

S 

sr&  • 

71-5   . 

7 

8r* 

7i-3    I 

6 

%T4 

728   ' 

5 

*:-5  . 

7511 

0 

'  SI-     • 

74  S 

• 

fofT  tb»  tMp<Tircr«  of  *>.« 
-aUled  for  tliat  y%n  of  fv* 
"iOtbdi^rt^  of  northern  iii  J 
idf  vistwrd  ss  fir  t«  rv> 
'  «f  tfcecot<cof  A-v^-.r-i 
in  mcli-B.'  ff'TT.  -.&:.  ; : 

tke275ch  d-zr--    •'..-. 

own  Mr.  K  -  - . 

.]cct  to  a  .jr.i   --«•..    . 

• 

MJVtM      ■  •       .  S       .  . 

'I       W  ..  •  .  •  •  7 

*    • 

ud  *%  f^;  *i  r-ii 


itTb'irtUK  ATMOSPHERE. 

SO  situated  as  to  be  most  named  by  the  vaa't  rays,  and  that  i(  vatiea 
in  ere ry  region  wtlh  the  se&son  of  the  year.  Hence,  too,  the  reasoa 
why  it  dtminishea  according  to  the  height  of  the  air  aboic  the  siir* 
face  of  the  earth.  That  partian  of  (he  eartli  which  lies  at  Iha 
equator  li  pxposed  to  the  most  perpendicular  rays  of  (he  sun.  Of 
course  it  is  hottest,  and  the  heat  of  the  earth  diminishes  gradtu 
ally  from  the  equator  lo  the  poles.  The  temperature  of  the  air 
must  follow  Ibc  same  urdtr.  The  air,  then,  is  hottest  orer  tht 
equator,  and  its  temperature  gradually  diminishes  from  the  equator 
to  the  poles,  where  it  ig  coldest  of  all.  It  is  hottest  at  the  eqaatofi 
and  it  becomes  gradually  colder  according  to  its  height  abote  that 
surface.  I^t  us  eiamiiie  the  nature  of  these  two  diminishing  pro. 
gresstons  of  temperature. 

1.  Though  the  temperature  of  the  air  is  highest  at  the  aqualor^. 
and  gradually  sinki  as  it  approaches  the  pole;  yet  as,  in  eveiy 
place,  the  leraperatnre  of  the  air  is  constantly  taryiag  with  tli> 
si'ftEoa  of  tlie  year,  we  cannot  form  any  precise  notion  of  the  pro. 
grvssioQ  without  taking  the  temperature  in  every  degree  of  Ulituda 
fur  every  day  of  the  year,  and  forming  from  each  a  mean  tempe- 
rature for  the  whole  year;  which  is  done  by  adding  together  the 
whole  obserrationa,  and  dividing  by  their  number.  The  qoolienl 
gives  the  mean  temperature  for  the  year.  The  diminution  from  thk 
pule  to  the  equator  takes  place  in  arithmetical  progression  :  or,  ta 
speak  more  properly,  the  annual  temperature  of  all  the  latitudM 
arc  arithmetical  means  between  the  mean  annual  temperature  sf 
the  equator  and  the  pole.  This  was  first  discovered  by  Mr.  Meyer; 
and  by  means  of  an  equation  which  he  founded  on  it,  but  rendered 
considerably  plainer  and  simpler,  Mr.  Kirwan  has  calculated  the 
mean  annual  temperature  of  every  degree  of  latitude  between  th* 
eipiatitr  and  the  pule.  And  according  to  this  calculation  Ihcmeaa 
femperature  of  the  equator  is  84",  and  tliat  of  the  pole  31°.  To 
find  the  mean  temperature  for  every  other  latitude,  we  hare  onlj 
to  Gnd  88  arithmetical  mvans  brtween  84  and  31.  In  this  mannrf 
Mr.  Kirwan  cakulatiMl  the  following  Table  : 
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Tablr  0/  the  Mean  Annual  Temperature  0/  the  Standard 

Situation  in  everji  Latitude* 


Lat. 

1  feuiper. 

r 

08 

Tcfliper. 

Ut. 

Temper. 

24 

romper." 

00 

31- 

38-4 

46 

5^-4  . 

754 

89 

31-04 

67 

39-1 

45 

57-5 

2J 

75-9 

88 

31-10 

6fi 

39-7 

44 

58-4 

22     76-5 

87 

31*14 

65 

40-4 

43 

59-4 

21      77-2 

M 

31-2 

64 

41-2 

42 

60-3 

20 

77-8 

85 

31-4 

63 

41-9 

4i 

61-2 

19 
18 

17 

78*3 

M 

31-5 

62 

42-7 

40 

62' 

78-9 

83 

31«7 

61 

43-5 

30 

63- 

79-4 

82 

32- 

60 

44-3 

38 

63*9 

16 

79-0 

81 

32'2 

50 

45-09 

37 

618 

15 

80-4 

80 

32-6 

58 

45-8 

36 

65-7 

14 

80-8 

79 

32*9 

67 

40-7 

35 

66-6 

13 

81-3 

78 

33-2 

56 

47-5 

34 

67-4 

12 

81*7 

77 

33-7 

55 

48*4 

33 

68-3 

\\ 

82* 

76 

311 

54 

40-2 

32 

69- 1 

10 

82*3 

75 

345 

53 

50-2 

3t 

69-9 

9 

82-7 

74 

35- 

52 

51-1 

30 

70-7 

8 

82*9 

73 

35-5 

51 

52-4 

29 

71-5 

7 

83'2 

7% 

3tf- 

50 

52-9 

28 

72-3 

6 

83-4 

71 

30-6 
37-2 
37-8 

49 

53-8 

27 

72  8 

5 

83-6 

70 

48 

54-7 

26 

73  8 

0 

84* 

1  60 

47 

55*6 

25     74  5    ' 
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TIlis  Vible,  lioireTer,  only  answers  for  the  temperatore  of  tKe 
Umo§phtn  of  tbe  ocean.  It  was  calcalated  for  that  part  of  tbo 
Atiantie  Ocean  which  lies  between  the  80th  degree  of  northern  and 
the  45th  of  soathern  latrtnde,  and  extrnds  westward  as  far  as  the 
G«lf.strta«^  and  to  within  a  few  Icogaes  of  the  coast  of  America  ; 
and  lor  all  that  part  of  the  Pacific  Ocean  reaching  from  lat.  45° 
north  to  iat.  40^  soath,  from  the  20th  to  the  275th  degree  of  Ion. 
gptedo  east  of  Tendon.  This  part  of  the  oceon  Mr.  Kirwan  rails 
the  standard :  the  rest  of  the  ocean  is  subject  to  anomalies  which 
will  be  afterwards  mentioned.  • 

Mr*  Kirwan  has  also  calculated  tbe  mean  monthly  temperature 
of  the  standard  ocean.  The  principles  on  which  he  went  were 
these:  The  mean  temperature  of  April  seems  to  approach  very 
nearly  to  the  mean  annnai  temperature ;  and  as  far  as  heat  da,. 
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pendi  on  the  action  of  the  solar  raye,  th«  mean  heat  of  eieiy  montb , 
is  u  tilt  mean  altitude  of  the  »un,  or  rather  as  the  sine  of  the  lun'f  ^ 
altitude.  The  nieau  heat  of  April,  therefore,  and  llie  sine  of  tha  , 
sun'"  altitude  being  giveii,  the  mean  heat  of  May  is  found  in  IhiA, 
manner  :  As  the  tine  of  the  sun's  mean  altitude  in  April  is  to  tba  ^ 
mean  heat  of  Apri),  so  is  the  sine  of  the  sun's  mean  attiluile  : 
May  to  the  mean  beat  of  May.  In  the  samt;  maonei  the  mean  , 
keals  of  June,  Joly,  and  Angust,  are  found ;  but  the  rule  irould , 
|ive  the  temperatore  of  the  succeeding  months  too  low,  because  it , 
does  nut  take  in  the  heat  derived  from  the  earth,  which  [>ossess«t 
a  degree  of  heat  nearly  eqoal  to  the  mean  annual  temperature. 
The  real  temperature  of  these  months  therefore  must  be  looked 
upon  at  an  arilhmeiical  mean  between  lUe  iistronomiL'al  and  lerroi. 
trial  heats. 

Mr.  Kirwan,  howerer,  after  going  through  a  (ediotts  calculation 
founded  upon  this  principle,  found  the  results  to  agree  so  ill  with 
observation,  that  he  drew  up  an  extensire  table  of  the  monlhlf  ^ 
mean  temperature  of  the  standard  from  latitude  80°  to  lat.  10°, 
fiom  which  it  oppears  that  January  is  the  coldest  month  in  everjr 
latitude,  and  that  July  is  the  warmest  month  iu  all  latitudes  above  . 
48°.  In  lower  latitudes  August  is  generally  warmest.  The  dif- 
ference between  the  hottest  and  coldeat  months  increases  in  pro.  ' 
portion  to  the  dislance  from  the  equator.  Every  hahilable  li 
tude  enjoys  a  mean  heat  of  00°  degrees  for  at  least  two  months  ; 
(bis  heat  seems  necessary  for  the  production  of  corn.  Within 
degrees  of  the  poles,  the  temperatures  differ  very  little,  neither  do' 
they  difluT  mnch  within  ten  degrees  of  the  equator  ;  the  tempera.  . 
tures  of  different  years  differ  very  little  near  the  equator,  bat  tbejr 
differ  more  and  more  as  the  latitudes  approach  the  poles. 

S.  That  (he  temperature  of  the  atmosphere  gradually  diminisheff , 
according  to  ita  height  above  the  level  of  the  sea,  is  well  known.  ^ 
Thus  the  late  Dr.  HuHon  of  Edinburgh  found  that  a  thermometer, 
kept  on  the  top  of  Arthur's  Seat,  osually  stood  three  degrees  lower 
than  a  thermometer  kept  at  tbe  bottom  of  it.     Hence,  then, 
height  of  800  feet  occasioned  3°  of  diminution  of  temperature.    0 
the  summit  of  Hnchinca  the  thermometer  stood  at  50°,  as  observed 
by  Bouguer,  while  at  the  level  of  (be  sea  in  the  same  latitude  it 
Hood  at  81°.     Here  a  height  of  16,664  feet  occasioned  a  diminiu 
tioB  of  (ctnpentBre  amomiliDg  ta  64°.     Out  though  tbtre  can 
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no  danbt  of  tlie  ^dual  dimiDulion  of  teroperafurp,  according  (o 
Ihc  heigbt,  it  is  by  no  means  easy  to  determine  llie  rate  of  diminu- 
tion. Euler  EuppoSM  it  to  be  in  a  harmonic  progression  ;  bat  tbit 
opinion  is  contradicted  by  observationa,  Saussure  sopposes,  that 
in  lenperate  climates  the  diminution  of  temperature  amounts  to  I" 
for  eiery  ?87  fept  of  elevation.  But  Mr.  Kirwan  has  shown  that 
no  SDch  rule  holds,  and  that  the  rate  of  diminution  Taries  with  the 
ItmperatQre  at  the  surface  of  the  earth.  We  are  intfebted  to  (his 
l^losopher  for  a  Tery  ingenious  method  of  determining  the  rale  of 
diminution  in  erery  particular  case,  supposing  (he  temperalure  at 
the  surface  of  the  earth  known  *. 

Siac«  the  temperature  of  the  atmosphere  is  constantly  diminish, 
ing  as  we  ascend  abore  the  lerel  of  tht  sea,  it  is  obvious,  that  at  a 
certain  height  we  nrrire  at  the  region  of  perpetual  rangelation. 
Tbli  region  varies  in  height  according  to  the  latitude  of  the  place  : 
it  is  bighett  at  the  equator,  and  descends  gradually  nearer  the 
putb  as  we  approach  the  poles.  It  varies  also  according  to  the 
teaaon,  being  highest  in  summer  and  lowest  in  winliT.  M.  Bouguer 
found  (he  cold  on  the  top  of  Pinchinca,  one  of  the  Andes,  to  «'itend 
riom  tevea  to  nine  degrees  below  the  freexiog  point  every  mornini; 
in  mediately  before  sun. rise.  Jle  concluded,  therefore,  that  the 
Bean  height  of  the  term  of  congelation  (the  place  where  it  freezes 
daring  some  part  of  the  day  all  the  year  round)  between  the  tro. 
pici  was  I5,S77  feet  above  (he  level  of  the  sea;  but  in  lat.  98°  he 
plicMl  It  In  summer  at  the  height  of  13,440  feet.  Now,  if  we 
ltk«  (he  difference  between  the  temperature  of  the  equator  and  the 
freeiing  point,  it  is  evident  that  it  will  bear  the  same  proportion  (o 
Ui«  tenn  of  congelation  at  (be  equator,  that  the  difference  between 
Ibe  mean  temperature  of  any  other  degree  of  latitude  and  the 
fretting  point  bears  to  the  term  of  congelation  in  that  latitude. 
Thus  the  mean  heat  of  the  equator  being  84°,  the  diffierence  between 
it  uul  %1  is  S3 ;  (he  mean  heat  of  latitude  38'  is  72-3",  the  dif. 
ferenoe  between  which  and  33  is  40-3  :  Then  52  :  19^77  : :  40-3  : 
1307s.  In  this  manner  Mr.  Kirwan  calculated  the  following^ 
Table: 
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Mean  beicht  of  the 
Term  of  CoogeUikMi. 
Lat,  FsBTr 

O. 15577 

5 r5457 

10 15067 

15 1 4408 

20. ....1371» 

i5^ 13030 

30. 11594 

35 10664 

40 9016 

45 7«58 

50 C260 

55 491^ 

60.. 3084 

65 551(5 

70 1557 

75 748 

80 120 

Beyond  ibk  height,  which  hu  been  called  the  lower  term  of  coiu 
gelation,  and  which  must  Tarj  with  the  season  and  other  circnm. 
stances,  Mr.  Booguer  has  distinguished  another,  which  he  called 
the  upper  term  of  congelation ;  that  is,  the  point  above  which  no 
tlsible  Taponr  ascends.  Mr.  Kirwan  considers  this  line  as  much 
less  liable  to  Tary  during  the  sammer  months  than  the  lower  term 
of  congelation,  and  therefore  has  made  choice  of  it  to  determine 
the  rate  of  the  diminution  of  heat,  as  we  ascend  in  the  atmosphere. 
Booguer  determined  the  height  of  this  term  in  a  single  case,  and 
Kirwan  hat  calculated  the  following  Table  of  its  height  for  eierj 
degree  of  latitude  in  the  northern  hemisphere. 
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Tji£e  fl/  '**  Height  of  Ike  Upper  Line  of  Congclatio 
tite  Afferent  Latitude!  of  the  Nuilhern  liemiapUfrt, 


n. 

Ut. 

r««. 

Ui. 
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uL 

Frrt. 

llnl 

Ffcl. 

0' 

38000 

46= 
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7  It" 

4413 

5 

97784 

J7 

133.S9 

4S 

11750 

71 
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6 
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28 

4187^ 

50 

11453 

74 

»9S 

7 
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29 

41355 

51 

10144 

73 
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8 
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30 

40d38 

54 

HU65 

74 

4177 

0 

97'2M 

31 

•-'0492 

53 

7300 

75 

4199 

10 

f70fH 

32 

'20  n6 

54 
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4067 

11 
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3J 

19800 

55 
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77 
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It 
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34 
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50 
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78 
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IJ 
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33 

19160 

57 
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79 
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14 
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30 

18577 

5S 

5345 

80 

3861 

1^ 

46U01 

J7 

17  OSS 

59 

5251 

Rl 

3815 

I*.- 

45781 

3« 

17393 

00 

514« 

Si 

3709 

17 

35501 

:tti 

i()«(Jl 

61 

5{10S 

83 

3743 

IS 

2i«l 

40 

idi07 

B4 

498fl 

81 

3377 

ID 

24941 

41 

15714 

fl3 

40  U) 

85 

3ti3l 

30 

34061 

-12 

15217 

61 

4831 

na 

3594 

■:\ 

44104 

43 
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65 

475i 

87 

3553 
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14147 

44 
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33 
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4S 
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67 
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46 
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25 
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From  tliit  mrthoJ  of  ekiimating  the  dimiiiuliun  of  ttrmperaluri', 
■Uch  agrees  renark^ly  well  with  obwrTiliuri,  w<^  see  thai  the 
ittu  Jii»ini»bes  iu  m\  arUbrnflicul  ))rogre«si(in.  Hence  it  rollowi, 
IbatttK  boat  of  the  air  at  a  distance  frata  the  earth,  ii  nol  owiog 
lo  Ihe  xsr^Pt  ot  hot  strata  of  air  from  llie  surface  of  the  earth,  but 
to  the  codilucting  power  of  ihe  air. 

3,  This  rule,  liuweter,  applies  oitl/  to  the  tempenture  of  Ihe 
ait  ilntiiig  (he  iummi-r  tcoiilhs  of  llie  year.  In  winter  the  upptrr 
ttrata  uf  Ibc  atmuaphece  are  ofieu  warmer  tbaii  the  lower.  Thus 
on  ibe  Slst  0/  January  177t>i  the  ihcrroameler  un  the  laminil  of 
Aithur't  Seat  stood  «ix  ijrgreei  higher  than  a  thermometar  at 
Uawkhill,  which  i*  684  feet  l.>Her>.      Mr.  Kirwan  consitlrrt  (hit 

•  Roy,  Phil,  Tram.  \1T} ,  \,.  tTI . 
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superior  heat,  almost  uniformlj  observed  during  winter,  as  owing 
to  a  current  of  warm  air  from  the  equator,  which  roUi  toifardt 
the  north  pole  during  our  winter  *• 

4.  Such,  then,  in  general,  Is  the  method  of  finding  the  mean 
annual  temperature  over  the  globe.  There  are,  howeier,  seieral 
exceptions  to  these  general  rules,  which  come  now  to  be  mentioned. 

That  part  of  the  Pacific  Ocean  which  lies  between  north  lat.  5^ 
and  60o  is  no  broader  at  its  northecn  extremity  than  49  miles,  and 
at  its  southern  extremity  than  1300  miles  :  it  Is  reatonable  to  sup. 
pose,  therefore,  that  its  temperature  will  be  considerably  Influ- 
enced by  the  surrounding  land,  which  consists  of  ranges  of  moun- 
tains coTered  a  great  part  of  the  year  with  snow  ;  and  there  are 
besides  a  great  many  high,  and  consequently  cold,  islands  scat- 
tered through  it.  For  these  reasons  Mr.Kirwan  coodudes,  that 
its  temperature  is  at  least  four  or  fire  degrees  below  the  standard. 
But  we  are  not  yet  furnished  with  a  sufficient  number  of  observa- 
tions to  determine  this  with  accuracy. 

It  is  the  general  opinion  that  the  southern  hemisphere,  beyond 
the  40th  degree  of  latitude^  is  considerably  colder  than  the  corre- 
sponding parts  of  the  northern  hemisphere.  Mr.  Kirwan  has 
shown  that  this  holds  with  respect  to  the  summer  of  the  sonthem 
hemisphere,  but  that  the  winter  in  jthe  same  latitudes  is  milder  than 
in  the  northern  hemisphere  +• 

Small  seas  surrounded  with  land,  at  least  in  temperate  and  cold 
climates,  are  generally  warmer  in  summer  and  colder  in  winter 
than  the  standard  ocean,  because  they  are  a  good  deal  Influenced 
by  the  temperature  of  the  land.  The  Gnlph  of  Bothnia,  for  in- 
stance, is  for  the  most  part  frosen  in  winter;  but  in  summer  it  is 
sometidies  heated  to  70";  ^  degree  of  heat  never  to  be  found  in  tiie 
opppsite  waters  of  the  Atlantic  X»  The  German  sea  is  above  three 
degrees  colder  in  winter,  and  five  degrees  warmer  in  summer  tlMtt 
the  Atlantic  §«  The  Mediterranean  sea  is,  for  the  greater  part  of 
its  extent,  warmer  both  in  summer  and  winter  than  the  Atlantic, 
which  therefore  flows  into  the  former.  The  Black  Sea  is  colder 
ttkwa  the  Medlt«3rranean,  and  flows  into  It  ||. 

The  eastern  parts  of  North  America  are  much  colder  than  the 

opposite  coast  of  Europe,  and  fall  short  of  the  standard  by  abottt 

-■■■■■■■■■  '  k ,' 

•  Iriih  Trans,  yiii.  p. S7&    t  Iriab  TnuM.  viii.  pAll.    t  M«a.  Stock.  I7T«. 
§  Kirwan*!  Tempentore  of  UU»  p.  tt.  jj  Ibid. 
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10*  or  I^,  as  appears  from  American  Meleorological  Tables*. 
The  causn  of  this  remnrkable  dilTercnce  are  many.  The  highest 
(MTt  of  North  America  lies  twtwcen  Ihe  <]Oth  and  50th  degree  of 
north  latitude,  and  the  lOOth  and  t  lOth  degree  of  longitude  west 
from  Iiondon  ;  for  there  the  greatest  rivers  originate.  Tlic  very 
bflght,  therefore,  makes  this  "pot  colder  than  it  otlteriviBe  would 
br.  It  is  covered  with  immense  forests,  and  abounds  with  large 
mmpa  and  morasses,  which  render  it  incapable  of  receiving 
any  great  degree  of  heat;  so  that  the  rigour  of  winter  is  much 
1m>  tratper^d  by  the  heal  of  the  earth  than  in  the  old  continent. 
To  the  eatt  lie  a  number  of  VTy  large  lakes ;  and  farther  north, 
)Ind«an's  Bay ;  about  50  miles  on  the  south  of  which  there  is  t. 
ntig*  of  mountain),  which  prevent  its  receiiing  any  heat  from  that 
quarter.  This  biy  is  bounded  on  the  east  by  the  maunlainoui 
roontry  nf  Iiabrador  and  by  a  number  of  islands.  Hence  the 
(oMnets  of  the  north-west  winds  and  the  lowness  of  the  tempera- 
ture But  as  the  cullitated  parts  of  North  America  are  now  much 
wan»«T  than  formerly,  then;  is  reason  to  expect  that  the  clioiale 
will  become  (till  milder  when  the  country  is  better  cleared  of 
vooda,  though  perhaps  it  will  never  equal  the  temperalure  of  the 
aid  continent. 

Iriands  are  warmer  than  continents  in  the  same  degree  oflati- 
tode  ;  and  countries  lyini^  to  the  windward  of  extensive  mountains 
n  forests  are  warmer  than  those  lying  to  the  leeward.  Stones  or 
tnd  have  a  less  capacity  for  heat  than  earth  has,    which  is  always 

•  For  Ibe  faHowinE  Uaumcol  of  Ihv  rxtremei  of  hrol  nnd  oold  al  Munircat 
lat  TWe(  Kivcn  in  Caiutdu,  1  am  indebted  (o  an  ingeniout  oficcr,  who  kept  a 
rrghtci  fat  ei^t  yruTt,  frum  Ihe  ycai  ITTO  U>  IT84,  imluiivr. 

■'  la  Ihr  warneil  lunniFr  tliK  Ihrnnomrlcr  was  not  obsvnfi  Id  tije  higher 
du  air,  ihoBKh  it  hu  bcrn  mid  lo  luve  ri»a  n  hl|di  as  90°  nnd  eiro  9B°  at 
Qaebcct  bat  where  (hoe  obwnotians  were  made,  Ihr  ihennflmrlcr  nu  gcac- 
itUj  tron  W  ID  84°  in  ihc  hdrbcsi  luinmcrs  and  the  avCTvcc  of  the  ordlnarj 
tuaiBWii  *u  aboiii  TtT. 

"  Is  Ike  fCTf  rf  fraili  Ihc  Ihr nnomelci  suDk  lo  4S»  bctow  0.  Thii  happened 
iWeeUaei  within  Ibis  ppiiod,  viz.  on  the  23<l  and  95lh  FebruBi;  ITSS.  and  oi 
IW  lOlh  Frbraary  i1»A. 

"  la  (be  ordinary  winlcn,  al  Three  Riven,  thf  mtrrcury  •food  al  from  Itr  lu 
9V  bclaw  0,  and  w  Ibr  iftere  winlen  from  «5>  lu  33°  below  0 

"The  nuaiacr  obcrrraliani  were  Qken  al  al>ou<  nine  o'clock  iu  the  inam. 
la^,  and  lhr«e  in  tke  allrraiMD.  The  winter,  before  luu-riie,  and  alxHil  nine, 
ud  Mowlima  lia  o'clock  al  oi|hl. 
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somewhat  moist ;  ihvy  heat  or  coo),  therefore,  'more  rapidly,  an^ 

to  a  greater  degree.     Uence  the  violeot  heat  of  Arabia  and  Africa, 

aod  the  intense  cold  of  Terra  del  Fuego.      Living  vegetables  alter 

their  temperature  very  blowly,  bat  thf  ir  evaporation  is  great ;  and 

if  they  be  tall  and  close,  as  in  forests,  they  exclude  the  sun's  raya 

from  the  earthy  and  shelter  the  winter  snow  from  the  wind  and  the 

sun.     Woody   countries,   tiierefore,   are  much  colder  than  those 

which  are  cultivated* 

[l^omson^i  Chemistry* 

The  atmosphere  is  also  liable  to  eleVatious  and  depressions  aoA. 
logons  to  tnose  of  the  &ea,  and  perha^^s  these  changes  may  have 
fome  little  effect  on  the  ninds  and  on  the  weatiier  ;  but  their  in. 
fluence  must  be  very  incousiderablt-,  since  the  addition  of  two  or 
three  feet  lo  the  height  of  the  atmosphere  at  any  part  can  scarcely 
be  f  xpecied  to  be  perceptible.     The  height  of  an  aerial  tide  moat 
be  ti»  irl}  the  same  witli  the  observed  height  of  the  priocipaT^idM 
of  the  sea  :  and  the  variation  of  ^tmospherlral  pressure,  which  b 
mca^i  red   between  the  difference  of  the  actual  form  and  the  sphe* 
roid  of  equilibrium,  musi  be  equivalent  to  the  weight  of  a  coluna 
of  about  ten  feet  of  air,  or  only  ,^  of  an  inch  of  mercury.     A 
periodical  yariation  fivp  times  as  great  as  tliis,  has,  indeed,  been 
observed  near  the  ( quator,  rvhere  the  state  of  the  atmosphere  is 
the  (east  lic»'')le  to  accidental  disturbances  :   but  this  change  canaot 
ill  any  degn  e  be  referred  to  the  effect  of  the  moon's  actioo,  ainoe 
it  happons  always  about  the  same  hour  of  the  day  or  night.     The. 
atmosphtTe  is  al^o  affected  by  a  general  current  froa  east  to  west, 
like  that  of  the  sea,  and  there  is  reason,  from  estronomical  obser. 
Tations,  to  suppo^  that  a  simllai*  circumstance  happens  in  the  at- 
mosphere of  Jupiter,  on  account  of  the  actions  of  his  satellites, 
which  must  be  considerably  more  powerful  than  that  of  the  moos. 

ir^ung's  Nai.  PML 
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XONSS  AND  CLIMATES. 


iiOHiSs  and  CUnatcs  are  artificial  dimions  of  tbe  earth^s  surface 
£ir  the  parp<yse  of  defining  it5  temperjtore  in  |iartica1iir  parts ; 
aid  Ihejr  bare  hence  an  intimate  connecfion  with  the  lemi>era(ure 
of  tbe  atmosphere,  npon  which  indeed  they  are  mainly  though  not 
altogether  dependent. 

Geographers  IniTe  difided  the  surface  of  the  globe  into  sixty 
climates,  of  which  thirty  are  northward  of  the  equator,  and  thirty 
JuutLwatd ;  by  theie  climates  the  Wngth  of  tlie  day,  from  aun. 
rising  to  s«n.9ettiog,  Is  shewn,  in  its  increase  and  decrease  pro- 
eroding  from  tbe  equator  to  the  poles;  from  the  equator  to  the 
arctic,  or  nortliem  polar  circle,  twenty. four  climates  are  tract^d 
oat,  and  through  each  a  difference  of  half  an  hour  arises  in  tho 
Imgtb  of  the  day  and  night ;  and  in  like  manner  from  the  <*(|UAfor 
to  tbe  antarctic,  or  southern  polar  circle.  T(H^  ^ix  climi^tes  which 
He  between  the  polar  circles  and  the  poles,  both  (he  northern  and 
the  •ontherfi,  differ  from  each  other  by  one  entire  month  progres- 
Mtely. 

As  climates  describe  the  length  of  days,  so  zones  describe  the 
degree  of  heat  pferaillng  on  different  parts  of  the  eurth.  Roth 
andent  and  modern  geographers  agree  in  dividing  the  earth  into 
fire  zones  in  number  and  three  in  qualify,  namely,  the  torrid,  the 
temperate  north  and  south,  and  the  frigid  both  north  and  south. 
The  torrid  zone  extends  from  the  equator  to  the  tropic  of  cancer 
northviard,  and  to  the  tropic  of  Capricorn  southward,  twenty. 
three  degrees  and  an  half  each  (very  nearly),  malting  forty  .seven 
degrees  in  all.  The  two  temperate  zones  extend  themsdres  from 
the  two  tropics  to  the  polar  circles  on  each  side  the  equator,  being* 
forty-three  degrees  each,  and  eighty.six  degrees  in  the  whole.— 
T%e  two  frigid  zones  embrace  the  regions  from  the  polar  circles  io 
the  poles,  extending,  in  each  direction,  orcr  twenty-three  and  an 
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half  degrees,  in  the  whole  fortjr.degfees*  Thos  northward  or 
southward, 

Torrid  zone. 29^ 

Temperate 43 

Frigid Ui 

In  the  whole  •  •  • 90  d^rees,  which  b  the 

distance  from  the  equator  to  either  pole;  bat  considering  the 
northern  and  southern  regions  in  one  account,  the  general  diniion 
of  the  globe  into  zones  will  stand  thus  : 

The  torrid  zones. 47  degrees. 

The  temperate S6 

The  frigid 47 

1 80  degrees,  the  extent  of  the 
earth  from  north  to  south,  which  geographers  ha?e  divided  into 
two  hemispheres,  yis.  the  northern  and  southern. 

The  ancients,  having  very  imperfect  knowledge  of  the  globe, 
considered  the  two  temperate  zones  as  the  only  habitable  parts  of 
the  earth,  conceiving  the  heat  of  the  torrid,  and  the  cold  of  tho 
frigid  zones  to  be  equally  insupportable.  This  opinion  is  now 
well  known  to  be  erroneous ;  mankind  having  been  ascertained  tn 
exist  within  the  arctic  circle  ;  and  some  species  of  quadrupeds  and 
birds  even  as  high  up  as  eighty  degrees;  while  the  attempts  mado 
by  Captain  Cook  to  penetrate  within  the  antarctic  circle,  wh^n  he 
proceeded  something  beyond  the  seventy-first  degree,  proves  that, 
although  there  ii-no  known  land  lying  much  naore  southward  than 
the  sixtieth  degree  of  south  latitude,  yet  birds  of  curious  kinds  in* 
hahit  the  expanse  of  ice  which,  in  every  direction,  stops  all  ad- 
vance toward  the  sooth-pole.  At  the  same  time  that  the  disco* 
very  of  the  West  Indies  and  of  the  American  continent,  had  clearly 
established  that  the  population  of  npankind  either  is  or  may  be 
rendered  equal  within  the  region  of  the  torrid  zone  to  that  of  die 
best  inhabited  countries  of  Europe, - 

«-  The  climates  of  different  parts  of  the  earth's  surface  are  unqoei* 
tionably  owing  in  great  measure  to  their  position  with  respect  to 
the  sun*  At  the  equator,  where  the  ran  b  always  nearly  vertical^ 
any  given  part  of  the  surface  receives  a  much  greater  quaotilj  o( 
light  and  heat,  than  an  equal  portion  near  the  poles ;  and  it  if 
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111  mare  aff«cti?d  by  Ihr  sun's  vertical  rays,  because  their 
D  ibruugh  the  atmoflphere  is  shorter  than  th:it  of  the  oblique 
nji.  As  far  as  the  sun's  mein  altitude  only  is  concerned,  it  np> 
pean  from  Simson's  calculations,  that  the  heat  received  at  the 
Mpialor  in  the  whole  year,  is  nearly  twice  and  a  hair  as  great  as  at 
ibcpotes:  this  proportion  being  nearly  the  same  d$  that  of  the 
meridan  heat  of  a  reriicat  sun,  to  llie  heat  ileriied,  at  the  altitude 
33^",  in  the  middle  of  the  long  annual  day  nt  the  pole«.  But  the 
dibrenc*  is  rendered  still  greater,  by  the  effect  of  the  atmo- 
tphere,  which  interrupts  a  greater  portian  of  the  heat  a(  the  poles 
than  el9tM>liere.  Bouguer  has  calctilnled,  upon  the  supposition  of 
the  simiUrity  of  the  affections  of  heat  and  light,  that  in  latitude 
a",  80  parts  out  of  100  are  transmitted  at  noon  in  July,  and 
5I«nlyin  December.  The  heat  intercepted  by  the  atmosphere 
ii  perhspt  not  wholly,  but  very  nearly,  lost  with  respect  to  Ihe 
clinalc  of  the  neighbouring  places.  It  is  obvious  that,  at  any 
individnal  place,  the  climate  in  summer  must  approach  in  some 
degrs*  to  (he  equatorial  climate,  the  sun's  altitude  being  greater, 
and  iq  winter  to  the  ctimsle  of  the  polar  regions. 

While  ibe  earth  is  becomine  warmer  at  any  particular  spot,  the 
heal  Utrown  off  by  radiation  into  the  atmosphere,  and  thence  into 
ifce  Map*/  »p»ce  beyond  it,  together  with  that  which  is  transmilted 
to  ilMinlrrnal  parts  of  the  earth,  must  be  less  than  the  heil  re- 
ceived from  the  sun  ;  and  when  Ihe  earth  is  growing  colder,  more 
hot  But  pus  «fF  than  is  received  :  but  whenever  the  heat  of  the 
mrfcee  is  stationary,  neither  increasing  nor  diminishing,  as  at  the 
Ifanes  of  the  greatest  end  least  heat,  it  is  obvious  that  the  heal  re. 
cervtd  from  the  sun  must  be  precisely  equal  to  Ihe  heat  which  is 
Unwwn  olT.  Now  this  quantity  may  be  estimated  by  the  degree  of 
nfriferatioa  in  the  night ;  and  hence  Mr.  H  re  Tost  has  very  inge- 
aiamtf  deduced  the  proportion  of  the  sun's  heat  arriving  at  the 
nffacaof  the  earth  in  the  latitude  of  Geneva,  in  July,  and  in 
Dae«BiWr  ;  which  he  finds  to  be  as  7  or  S  to  l  ;  and  this  result 
ftttt  very  well  with  a  calculation  deduced  from  Ihe  length  of  the 
day,  lfc»  nan's  altitude,  and  the  interception  of  bis  rays  by  lb€ 


la  London  the  temperature  generally  varies,  in  the  course  of 
the  day  and  night,  somewhat  more  than  5°,  and  lets  than  90°.  In 
ivaary,  the  mean  diurnal  vtrialiou  of  tnopeiature  it  C,   In 


■^^ 
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July  10%  sod  Ib  September,  18^.  Hence,  SAyi  Mr.  Kirwsn,  we 
may  understand  the  reason  of  the  great  frequency  of  colds  ia 
spring  and  in  autumn. 

Some  philosophers  have  supposed  the  earth  to  become  progrss. 
sively  warmer  in  the  coarse  of  sges,  while  others  ha?e  imagined 
that  its  heat  is  exhausted.  Both  these  opinions  appear  in  general 
improbable.  The  greater  heit  the  earth  receires  by  day,  the  moro 
it  throws  off,  both  by  day  and  by  night ;  so  that  in  the  coarse  of  a 
few  ages  the  ht^at  must  probably  have  attained  iU  manmom. 
Local  changes  may  indeed  arise  from  local  circumstances  ;  thns, 
the  climate  of  America  is  said  to  haye  become  considerably 
warmer,  since  a  large  part  of  its  surface  lias  been  cleared  from  its 
dense  forests  by  human  labour  ;  and  to  jud^  from  the  descrip* 
tions  of  the  ancients,  it  appears  that  e?en  in  Europe  the  winters 
were  formerly  much  colder  thaq  they  ^re  at  present.  If,  boweveri 
Dr.  Herschel's  opinion  of  the  variation  of  the  heat  of  the  sun  bo 
confirmed,  it  will  introduce  a  great  uncertainty  into  all  theories 
upon  the  subject :  since  in  these  calculations  the  original  heat  of 
the  sun  has  always  been  supposed  unalterable. 

The  sea  is  less  heated  than  the  land,  partly  beeanse  a  gienter 
quantity  of  water  evaporates  from  it,  and  partly  because  the  son^s 
rays  penetrate  to  a  considerable  depth,  and  have  less  effect  on  tho 
surface,  while  the  water  is  also  mixed,  by  the- agitation  of  its 
waves  and  currents,  with  the  colder  water  below.  It  is  also  more 
slowly  cooled  than  the  land,  sinor,  when  the  temperature  of  the 
superficial  particles  is  depressed,  they  become  heavier,  and  sink 
to  the  bottom.  For  similar  reasons,  the  sea  la  colder  than  the 
land  in  hot  climates,  by  day,  and  warmer  in  cold  climates,  by 
night.  These  circumstances,  however,  nearly  balance  each  other, 
so  that  the  mean  temperaturea  of  both  are  equal,  that  of  the  sea 
being  only  less  variable.  Althougjh  the  process  of  evaporation 
must  cool  the  sea,  yet  when  the  vapoQrs  are  condensed  with- 
out reaching  the  land,  their  condensation  must  compensate  for  tiiis 
effect  by  an  equal  extrication  of  heat. 

•  There  is  another  cause  which  perhaps  contribnies  in  some  de- 
gree. In  temperate  climates,  to  the  production  of  cold ;  that  is, 
the  alternation  of  fresaing.  and  thawiog.  Mr.  Provost  observes 
that  congelation  takes  pisce  mnoh  more  suddenly  thin  the  oppo. 
lite  process  of  U^uelaction ;  snd  that  of  course  the  same  quantity 


otlghbeuring  boilit'S, 
iMlItrn  :  so  that  wher 
it  In  lhi«  manner  i 
•bcrevvr  )l  ftvezM,  that  i< 
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uf  brat  mast  be  mnre  rapidly  pxtricntMl  In  freezing  than  is  aft. 
>urlM«]  io  thawing;  that  ihe  hrst,  thu»  eitrlcateil,  b«Ing  ilispu^eil 
>  iy  off  in  all  directions,  and  liltle  ot  it  being  retained  by  (he 
re  beat  U  lost  than  h  g;aine<)  by  tlie  al'cr. 
e  has  once  been  formeil,  its  proiluift'on 
lubled.  This  cireutnilaiire  must  occur 
n  shore,  in  iatilades  above  33°:  ""d 
■I  appears  that  from  about  S0°  to  Ihe  pole,  Ihe  Und  is  somewtiiit 
eoUerlban  the  sea,  and  the  mure  as  it  is  further  disiaut  from  it;  and 
DMrer  tbe  eqaalor  the  land  is  warmer  than  (he  sea  ;  but  Ihe  pro. 
CM!  of  nrngelatiiin  cannot  by  any  means  be  the  principal  c 
tbe  difierence,  aod  it  »  probable  (hat  the  different  capacity  of 
(Wtk  and  water  for  heat  is  materially  conrerned  in  it. 

Since  lb«  atmesphere  is  very  link  heated  by  tlie  passage  of  the 
na'a  njt  throngh  it,  it  is  naturally  coldir  than  the  earth's  sur- 
face; and  for  this  reason,  the  most  elevated  tracts  of  lanil,  which 
(re  tbe  n«t  prominent,  and  the  mo^(  eiposed  to  the  elTecIs  of  the 
■tnoiphere,  are  always  colder  than  situations  nearer  tbe  lerel  of 
Ibe  aea.  The  northern  hemisphere  is  somewhat  warmer  than  Ihe 
loatbem,  perhaps  because  of  the  i;rea(er  proporlion  of  lanJ 
that  it  contains,  and  also  in  some  measure  on  account  of  [h« 
|rt«trT  lmg;tb  of  its  summer  than  that  of  (be  southern;  for  nl. 
tboa^h,  as  it  was  long  ago  obserred  by  Simpson,  tbe  dillerenf 
dbtance  of  tbe  sun  compensates  precisely  for  the  different  Telocity 
•f  Ifce  earth  in  its  orbit,  with  respect  to  the  whole  qaantity  of  heat 
tecrived  on  eithsr  side  of  (he  equinoctial  pointn,  yet  Mr.  Pr^Tost 
baa  shown,  that  in  all  probability  (he  same  quanri(y  of  heal  must 
pfodace  P  gri-atet  effect  when  it  Is  more  slowly  applied  ;  because 
tbe  portion  toit  by  radiatioa  from  the  heated  body  is  greater,  at 
tbe  temperature  is  higher.  Since,  therefore,  on  account  of  tbe 
rcceatricity  of  the  earth's  orbit,  the  north  pole  is  turned  towards 
tbe  *«a  sereD  or  eight  days  longer  than  tbe  south  pole,  Ihe  north. 
tm  winters  mast  be  milder  than  the  suathem  :  yet  the  southern 
lanmera,  though  shorter,  onght  to  be  somewhat  warmer  than  the 
aorthero  :  bot  in  fact  they  are  colder,  partly  perhaps  from  (h^ 
mod)  greater  proportion  of  sea,  which  in  some  degree  equjlhei 
the  tempera  In  re,  and  partly  for  other  reasons.  The  comparatire 
istaaalty  of  tbe  »0Bth«ra  lutnmer  and  winter  is  not  cxictty  known; 


L 
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but  in  the  iftand  of  New  Georgia  the  snamer  is  said  to  be  ex. 
tremely  cold. 

The  northern  ice  eitends  about  9"^  from  the  pole  :  the  sonthem 
18^  or  20°;  in  some  parts  even  30*;  'and  floating  ice  has  oeea* 
sionally  been  found  in  both  hemispheres  as  far  as  40^  from  the  poksy 
and  sometimes,  as  it  has  been  said,  eren  in  latitude  41*  or  4^.  Be* 
tween  54^  and  6(f  south  latitude,  the  snow  lies  on  the  ground,  at  Hm 
sea  side,  throughout  the  summer.  The  line  of  perpetual  congela* 
tion  is  three  miles  above  the  surface  at  the  equator,  where  the  mean 
heat  is  84°;  at  Teneriffe,  in  laUtude  28%  two  miles  ;  in  the  iati. 
tude  of  London,  a  little  more  than  a  mile ;  and  in  latitude  80^ 
north,  only  1200  feet.  At  the  pole,  according  to  the  analogy 
deduced  by  Mr.  Kirwau,  from  a  comparison  of  Tarions  obserra* 
tions,  the  mean  temperature  should  be  31°.  Id  LondoA-tha  mean 
temperature  is  6(f ;  at  Rome  and  at  Montpelier,  a  litilo  more 
than  60";  in  the  island  of  Madeira,  70^ ;  and  in  Jamaica,  80^. 

There  are  frequently  some  local  causes  of  heat  and  cold  which 
are  independent  of  the  sun's  immediate  action.  Thus,  it  has  baes 
obsenred,  that  when  the  weather  has  been  clear,  aid  ^  cloud 
passes  oyer  the  place  of  observation,  the  thermometer  frequently 
rises  a  degree  or  two  almost  instantaneously.  This  has  been  partly 
eiplained  by  considering  the  cloud  as  a  vesture,  prerentlng  tho 
escape  of  the  heat  wbich  is  always  radiating  from  the  earth,  and 
reflecting  it  back  to  the  surface :  the  cloud  may  also  have  been 
lately  condensed,  and  may  itself  be  of  a  higher  temperature  thaii 
the  earth.  Mr.  Six  has  observed  that  in  clear  weather,  the  air 
is  usually  some  degrees  colder  at  night,  and  warmer  by  day,  closo 
to  the  ground,  then  a  few  feet  above  it  ^  but  that  in  cloudy  wea- 
ther there  is  less  difference  :  and  It  is  possible  that  this  circum- 
stance may  be  derived  from  the  difference  of  the  quantity  of  evapo- 
ration from  the  earth's  surface,  wliich  occasions  a  different  degreo 
of  cold  in  different  states  of  the  atmosphere. 

An  idea  has  frequently  been  started,  that  the  temperature  of  se- 
veral, perhaps  of  all  climates,  has  varied  at  diffiBrent  epochs,  and 
is  in  truth  perpetually  yarying ;  in  some  instances  for  the  better^ 
and  in  others  apparently  for  the  worse.  And  the  more  or  lesa 
active  cultivation  of  the  soil,  the  clearing  and  draining  of  the 
gronndi  or  the  suffering  it  to  lie  barren  and  uuproductiye^ 
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Tend  vkb  waodi  aad  mnnfr^  are  the  ouiies  wUch  faave 
bees  adverted  to  for  tlw  pupMe  of  ei^ilaiDiiig  these  phraoineDa. 

After  all,  howler,  the  anertioBY  ai  nslatiag  to  a  fmeral  fact, 
re%airet  to  ba  man  atteotivd/  examined  than  it  afipean  to  bawe 
been ;  aad  adaitting  ha  trnth,  the  adthation  or  D^lact  of  the 
nil  docs  Bot  laan  in  cverf  iaifiare  to  coairirie  the  actnd 
of  this  ddfarcaea  u  the  tenperalare. 

la  Anorica,  aJmrrei  an  iateUifeot  Imh  writer  ia  the 
pUcal  TnoMBtiooB  \  at  least  at  &r  ai  the 


the  tif  njnntTeof  the  coaBti/  liaoe  the  Emwfaam  h«gaa  to  settle 

there.     Thii  change,  ooatiaaes  he,  if  geDermllj  attrihafnd  to  the 

catlap  down  of  rait  woods,  with  the  cksaiing  and  onkivating  td 

tkeconntiy.    Bat  that  IreUnd  ihonid  aln 

oat  anj  sneh  nanilest  caue,  eiti^r  inralidata 

etiaeM  that  qaite  different  caaieft,  nay  pradacae  the 

For  if  it  be  trao,  as  some  conpate,  that  this 

iahabttcd  aad  caltiratcd  bcibre  the  late  dril 

sentf,    it  ihonid,  according   to  the  reaioni  aDcdfid   far  the 

rha^gr  of  temperatare  in  Anrrici,  be  nther  grown 

peiate^  ris.  lor  want  of  cnltiratioa :  bat  the  eantm 

Ue  here,  and  alaM»it  ei eiy  one  hegini  to  take  noire,  that  this 

country  bocoaief  ereiy  year  nore  and  non  tea^icnte.    Fmwttrlj 

it  wai  not  nnnsnsi  to  hate  frost  and  deep  mows  of  a 

tkreo  weeks  continnance;  and  that  twice  or  tlviee, 

oftner,  in  a  winter  ;  any  we  bate  had  great  rifcn  and  tekcs  faura 

all  orer  ;  whercoi  of  late,  cspeoally  these  two  or  three  yean  bnt 

piit,  we  hare  bad  scarcely  any  frost  or  ioow  at  alU    Neither 

I  inpato  this  eitraordinary  alteration  to  any  loitnitoni 

o(  ordinary  drcaaslancn  reqointe  to  the  prodnclio»  of  hir  wen* 

tiler;  beanie  it  ii  nanifrstj  that  if  has  pfoceeded  gndaally, 

crery  year  becoaiing  more  teasperate  than  the  pnoctfing.     Thongh 

it  be  obsenad  that  frosty  and  tnowy  winters  snke  early  springi, 

aad  for  as  littte  as  we  have  had  of  either  tikis  winter,  yet  there  bn 

Bot  within  the  awanry  of  any  now  liriog  happenrd  a  forwarder 

ipriqg  in  Ireland  ;  iince  thii  iiland  coald  prodaoe  soaae  store  of 

ripe  cherries  in  the  saidst  of  ApriL    The  wind  keeps  for  the  aM»st 

part  here  between  the  north-west  and  the  sooth,  seldom  at  east. 


•  Vol.  li.  Tcar  ISf  6. 

f  Ae  paper  here  refcnH  to  ban  the  Mc  of  1S7S.  Eptt. 
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mnd  yet  less  frequent  at  north  or  north.east,  insomoch  that  nmny 
h^re  do  not  scrapie  to  affirm,  that  for  at  least  ^  of  the  year  the 
wind  is  westerly  ;  and  we  have  sometimes  known  passengers  wait 
«t  Chester  and  Holyhead  no  less  than  three  months  for  a  fair  wind 
to  come  hither. 

The  Honourable  Daines  Barrtngton  U  well  known  to  hare  en- 
tertained a  similar  opinion,  and  to  have  carried  to  a  much  greater 
eitent.  He  communicated  it  chiefly  in  an  article  in  a  mnch  later 
volume  of  the  faluable  journal  we  have  just  referred  to*;  and  its 
«ab8tance  we  shall  lay  before  our  readers  in  the  admirable  summary 
of  it  which  is  given  in  the  twelfth  volume  of  the  recent  abridgement 
of  this  work. 

Mr. Barrington,  observes  the. Editor,  had  long  entertained  a 
notion  that  the  seasons  are  become  much  milder  in  the  northern 
latitudes  than  they  were  16  or  17  centuries  past ;  and  from  this  it 
lias  happened,  that  many  passages  in  the  classical  writers  decrip. 
4ive  of  the  severity  of  the  climates,  had  struck  him  more  perha^ 
than  they  would  a  common  reader* 

If  this  same  question  should  be  agitated  2000  years  helice,  it 
might  receive  an  absolute  demonstration  ;  as  a  journal  of  the* 
changes  in  a  well.constructed  thermometer  would  show  the  tern* 
perature  which  prevailed  in  any  particular  place,  durinsf  the  pre- 
sent century.  No  such  accuracy  can  be  expected  from  any  pas. 
sages  in  the  classical  writers  ;  but  in  order  to  state  the  alteration 
which  may  have  happened  in  so  long  a  course  of  years,  the  most 
proper  method  seems  to  be  to  compare  their  accounts  with  those 
of  more  modern  travellers,  who  have  equally  wanted  the  assist- 
ance of  a  thermometer  for  their  observations. 

Mr.  B,  chiefly  relies  on  many  -of  Ovid*s  letters  from  Pontns 
(though  he  was  not  only  a  poet,  but  a  writer  of  most  glowing 
fancy  and  imagination),  in  which  he  describes  the  effects  of  cold 
at  Tomas,  probably  the  modern  Temisware,  during  his  seren 
years  residence  there,  and  afterwards  contrast  this  description  with 
that  of  later  travellers.  Ovid  was  born  at  Sutmo  in  Italy,  about 
'  90  Roman  miles  S.  W.  from  the  capital.  He  afterwards  resided 
•chiefly  at  Rome,  and  was  there  at  the  time  he  received  the  empe* 
Tor*s  orders  for  his  immediate  banishment:  Mr.  B.  therefore  con- 
siders him  as  then  leaving  the  .42d  degree  of  northern  latitude,   the 

•  PliiLTnuu.  Vol.lvii.  year  1768. 
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tlimate  in  which  he  was  barn,  and  conlinued  to  live.  He  wat 
ibraor  removed  to  Tomos,  which  Dr.  Wells,  in  liis  maps  of  an. 
cicnt  geography,  piocft  only  in  (he  ■i4th  degrev  of  nurthiTD  lali. 
Uide:  Ih"  change  wag  thrrefore  (m\y  of  2  de^refs,  and  yet  Ovid 
imoiedtaiel}'  dfscnhrs  it  as  the  winter  of  Hudgcin'i  Bay,  with  the 
Eulitte  tea  rviizi^n  oTrf,  witli  people  and  cattle  walking  on  it;  ai 
«eU  as  othor  instances  of  extreme  culil. 

B««id«*  the  quotation;  from  OviJ,  Mr.B.  gives  several  others 
fron  the  ancients,  m  Virgil,  Strabo,  P!>ny,  Sec.  descri[)five  at  ihe 
«xc«Mi*e  cold  of  that  latitude.  He  then  contrasts  these  with  the 
■ccooBti  of  modern  travellers  in  that  connlry,  irho  have  not  no- 
ticed any  sncb  sevtrilies  of  climate  there, 

Hr>  B.  now  leaving  Tomos,  cumpsres  the  accovnis  of  the  wea. 
Ihct  in  Italy,  itith  those  of  the  present  tiraen  :  it  being  6rBt  pre. 
nUed,  that  the  country  was  belter  cyJtivated  in  the  Augustan  age 
than  it  is  now,  which  should  consequf^ntly  have  made  the  tempira. 
tare  of  the  air  more  warm  than  it  is  now  experienced  tu  be.  Itc 
begins  with  lome  passages  from  Virgil'i  Georgics.  This  most  ei. 
relleot  hmbandman  is  constantly  advising  precautions  ai;ainsl  snow 
and  ice  in  the  minagement  of  catile  ;  and  he  may  be  generally 
supposed  to  give  the  e  directions  for  the  ueighhonrhoud  of  Na^iles, 
or  Mantua  his  native  country,  where  he  does  nut  evidently  from 
(be  context  mean  some  other  parts  of  Italy.  Spenklng  afferirards 
of  Calabria,  Ihe  most  southern  part  of  Italy,  he  expresses  himself, 
niih  regard  to  the  rivers  being  froeen,  as  wliai  was  commonly  to 
he  eipected.  Pliny  too  in  a  chapter,  Or  nalura  cwii  ad  arliores, 
and  B]x-Bking  of  Italian  trei-B,  says,  ACiuqui  arborumfrugnmque 
communia  sunt,  nioei  liiutitiai  tedere.  But  perhapd  the  strongest 
proof  of  that  very  remari^able  fact,  the  Italian  rivers  being  con- 
(tanlJy  froien  over,  is  to  be  collected  from  a  chapter  in  .Kltan, 
which  couMits  entirely  of  instructions  hnw  to  catch  eels  while  tlie 
water  U  cun-red  with  ice.  Now,  if  we  may  believe  the  concurrent 
accoaots  of  modern  travi-lleri,  it  would  Lie  almost  as  ridiculoua  to 
■dviie  a  metliod  of  catching  fish  in  the  rivers  of  Itiily,  which  de. 
pended  etiticely  on  their  commonly  being  fruzeu  over,  as  it  wnul<) 
be  la  give  tuch  directions  lo  the  inhabitants  of  Jamaica.  Mr.  B. 
cuaetfind  that  the  precautions,  which  Virgil  gives  in  his  Geurgies, 
^aill(t  tlip  damages  which  sheep  and  goals  might  receive  from  the 
too*  ud  frost,  are  now  necessary  ;   and  both  these  animals  a 
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known  to  stand  the  seyerest  winters  of  the  Highlands  of  Scotland, 

conceived  to  be  in  Virgil's  time  almost  the  ultima  Thole.     On  the 

whole  Mr.  B.  infers,  that  there  appears  to  baTe  been  a  general 

melioration  of  temperature  in  the  air  and  the  seasons,  in  manj^ 

perhaps  most  parts  of  the  earth. 

IPhil.  Trans.  J768. 


CHAP.  XX^XVI. 

NATURE,  PROPERTIES,  AND  VARIATIONS  OP  HEAT. 


SECTION   1. 

Sources  and  Effects  of  Heat, 

X  HE  sources  ofheat  are  Tarions,  but  its  effects  uniform  whatever 
the  cause  that  produces  it ;  or  rather,  perhaps,  the  essence  or  ma« 
terial  of  which  it  consists  is  the  same  in  every  instance.  The  most 
powerful  and  extensive  source  of  heat  with  which  we  are  ac« 
quainted  is  the  sun,  from  which  perhaps  this  invisible  matter  (if 
matter  at  all)  is  emitted,  in  consequence  of  the  chemical  processes 
that  continually  take  place  at  its  surface.  Friction  is  another 
powerful  source  of  heat ;  percussion  is  a  third ;  and  there  are  a 
few  others  which  haTe  not  yet  been  sufficiently  traced  out  and  ex* 
plained. 

The  recent  opinions  upon  this  curious  subject  are  given  with  so 
much  perspicuity,  and  at  the  same  time  such  convenient  succinct* 
ness  by  Sir  Humphry  Davy,  that  through  the  remainder  oL  this 
chapter  we  shall  take  leave  to  borrow  his  words. 

WuEN  a  body  which  occasions  the  sensation  of  heat  on  our  or. 
gans,  is  brought  into  contact  with  another  body  which  has  no  sudi 
%ffect,  the  result  of  their  mutual  action  is,  that  the  hot  body  con^ 
tracts,  and  loses  to  a  certain  extent  its  power  of  communicating 
heat,  and  the  other  body  expands,  and  in  a  degree  acquires  this 
power. 

This  law  may  be  exemplified  with  respect  to  every  form  of  pon- 
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derable  mafter.  If  a  polished  cyliuder  of  (iu,  \%'hich  accurately 
fits  a  ring,  be  heated  so  as  to  make  nater  buil,  it  will  no  longer 
pass  through  the  riii^,  and  will  be  found  tular 'ed  in  all  its  dimen. 
tians.  If  spirits  of  wine  be  heated  in  a  gUss.yessel  having;  a  narrow 
tabalated  neck,  as  it  becomes  capable  of  communicating  the  senqa- 
tioo  of  beat,  it  will  he  found  to  expand  and  to  rise  in  tht:  narrow 
neck;  and  if  the  boc'y  of  the  same  vessel  be  filUd  with  air,  and  it 
be  ioTerted  io  water,  its  neck  containing  water,  the  air  will  ra. 
pidlj  eipand,  on  (he  application  ot  a  heated  body,  and  will  causo 
the  water  to  descend  in  the  neck  of  the  vessel. 

S.  Different  solids  and  duids  expand  very  dilTeri-ntly  when 
heated  by  the  same  means. 

Glass  is  less  expansible  than  any  of  the  metals  ;  100,000  parts 
raised  from  the  degree  of  freezing  to  that  of  boiling  water,  expand 
so  as  to  become  100,083  parts ;  100,000  of  platinum  under  similar 
circumstances  expand  so  as  to  become  100,037;  &nd  equal  parts 
of  gold,  antiraouy,  cast-iron,  steel,  iron,  bismuth,  copper,  cast« 
brass,  silver,  tin,  lead-zinc,  and  hammered  zinc  expand  in  the 
following  order:  IOOO94,  100108,  lOOlll,  100112,  10012G, 
lOOljg,  100170,  100189,  100238,  100'287,  1002y6,  100308. 
The  expansive  power  of  liquids  in  general  is  great(*r  than  that  of 
solids;  alcohol  appears  to  be  more  expansible  than  oils,  and  oils 
in  general  more  expansible  than  water.  1 00,000  parts  of  mercury 
of  the  same  degree  of  heat  as  ice,  become  at  the  degree  of  heat  at 
which  water  boils  101,835.  All  the  elasrtic  fluids,  or  the  dilterent 
species  of  air  that  have  been  ex.'t mined,  as  has  been  demonstrated 
by  Messrs.Dalton  and  Gay  Lussac,  expand  alike  when  heated  to 
the  same  degree  ;  100  parts  of  each  at  the  freezing  poiut  of  water 
becoming  about  137)5  at  the  boiling  point. 

It  is  evident  that  the  density  of  bodies  must  be  diminished  by  ex. 
pansion ;  and  in  the  case  of  fluids  and  gasses,  the  parts  of  which 
are  mobile,  many  important  phenooitna  depend  u;ion  this  circum- 
stance. If  heat  be  applied  to  fluids  or  to  gasses,  the  heated  parts 
change  their  places  and  rise  ;  and  the  colder  parts  descend  and  qp. 
copy  their  places.  Currents  are  constantly  produced  in  the  ocean 
and  in  great  iMidies  of  water,  in  consequence  of  this  eflect.  The 
heated  water  rises  to  the  surface  in  the  tropical  climates,  and  flows 
towards  colder  ones,  thus  the  warmth  of  the  Gulf-stream  is  felt  a 

thonsaod  miles  from  its  source ;  and  deep  currents  pass  from  the 
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colder  to  the  warmer  parts  of  the  sea  :  and  the  general  tendency  of 
these  changes  is  to  equalize  the  temperature  of  the  globe. 

Iq  the  atmosphere,  heated  air  is  constantly  rising,  and  colder 
air  rushes  in  to  supply  its  place  ;  and  this  erent  is  the  principal 
cause  of  winds :  the  air  that  ftows  from  the  poles  towards  the  equa- 
tor, in  consequence  of  the  rotation  of  the  earth,  has  less  motion 
than  the  atmosphere  into  which  it  passes,  and  occasions  an  easterly 
current;  the  air  passing  from  the  equator  towards  the  poles  haring 
more  motion,  occasions  a  westerly  current ;  and  by  these  changes^ 
the  different  parts  of  ^e  atmosphere  are  mixed  together :  cold  is 
subdued  by  heat,  moist  air  from  the  sea  is  mixed  with  dry  air  from 
the  land,  and  the  great  mass  of  elastic  fluid  surrounding  the  globe, 
preserved  In  a  state  Etted  for  the  purposes  of  vegetable  and  animal 
life. 

3  There  are  very  few  exceptions  to  the  law  of  the  expansion  of 
bodies,  at  the  time  they  become  capable  of  communioating  the  sen* 
sation  of  heat ;  and  these  exceptions  seem  entirely  to  depend  npon 
some  chemical  change  in  the  constitution  of  bodies,  or  on  their 
crystalline  arrangements.  Thus  clay  contracts  considerably  in 
dimensions  by  a  very  intense  heat,  and  on  the  measure  of  its  con. 
tractions  the  pyrometer  of  Wedgwood  is  founded :  but  in  this  case 
the  clay  first  gives  off  water,  which  was  united  to  its  parts,  and  af. 
terwards  these  parts  cohere  together  with  more  force,  and  from 
being  in  a  state  of  loose  aggregation  become  strongly  united. 
Water  expands  a  little  before  it  congeals,  and  expands  consider. 
ably  during  its  conversion  into  ice  ;  but  in  this  case  it  assumes  the 
crystalline  form ;  and  its  p^rts  whilst  they  are  arranging  them, 
selves  to  form  regular  solids,  probably  leave  greater  interstices 
than  they  occupied  when  at  uniform  distances  in  the  fluid.  Thus 
the  same  weight  of  matter  will  occupy  much  greater  space  when 
arranged  in  a  certain  number  of  octahedrons,  than  when  arranged 
in  a  similar  number  of  cubes,  or  hexagonal  prisms.  Certain  saline 
solutions  fikewise  that  shoot  into  prismatic  crystals,  expand  at  the 
vioment  they  become  solid ;  and  the  case  is  the  same  with  cast, 
iron,  bismuth,  and  antimony. 

The  expansion  of  water  during  its  conversion  into  ice,  is  shewn 

by  the  circumstance  of  ice  swimming  upon  water ;  and  if  water  in 

a  deep  vessel  be  examined  at  the  time  ice  is  forming,  it  will  be 

^found  a  little  warmer  at  the  bottom  than  at  the  top  ;  and  these  civ* 
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cflBiUiices  are  of  graU  importaaoe  in  Cke  sooncniij  of 
Water  ooogeak  ooly  at  the  soriice,  where  it  v  fiafale  !•  be 
upon  by  the  son,  aad  bj  warm  caireBti  of  air  wbich  ftaad  to 
itoro  it  to  tke  fluid  state ;  aod  wbea  vatei  appvaadbec  Bear  tbe 
point  of  freexi^  it  begins  to  detoeod,  to  tkat  no  ice  can  ten  till 
tke  whole  of  the  water  has  been  cooled  to  the  point  when  it  poa. 
fe«et  the  greatest  deoiitf ;  and  in  the  deep  parts  of  the  sea  and 
iahoa,  eren  in  so»e  of  the  northern  latitodes^  the  dnration  of  the 
long  winter  is  insofficient  to*cool  the  water  to  the  decree  at  which 
ice  ibmis. 

4.  When  eqnal  qnantities  of  the  saae  matter  diff^rentij  heated 
are  aixed  together,  as  mnch  as  the  one  oontmcts,  so  araca  the 
other  seeoM  to  expand.  It  b  casj  to  prove  this  hj  r^*"^  tayi. 
thcr  100  parts  of  mercarj  so  hoi  as  not  to  he  tionched  wkhont 
pain,  aod  100  parts  in  its  commoo  state,  hariog  previnnsij  aea. 
tared  the  space  thej  occnpj ;  if  the  nuxtnre  is  ande  in  the  tnba 
that  oontained  the  hot  mercarj,  there  will  he  no  sensible  chnnge  of 

TOlnOM. 

It  is  OQ  the  idea,  that  wbeo  heat  or  the  power  of  ntpnliion  is 
coBamoicated  froai  bodjr  to  bodj,  as  ainch  is  gained  bj  nmt  bodj 
as  is  lost  by  the  other,  that  thenoometen  have  been  framed,  and 
the  doctrines  of  temperature,  and  capadtj  lor  heat  fbonded. 

5.  The  most  common  tberaMmeter  is  a  glam  both,  fonfsiuiag 
mercnrj,  termiaati»d  bj  a  glass  tnbe,  having  a  T^Ty  narrow  bore. 
The  mercnr J  is  boiled  to  expel  anj  air  or  moistore  that  night  be 
attached  to  it ;  and  at  the  moment  it  is  in  ebollition.  the  extreinitj 
of  the  tnbe  being  drawn  to  a  fine  point,  b  hermeticallj  sealed  by 
a  spirit  lamp.  For  the  purpose  of  aoqoiring  a  scale,  the  bnib  Is 
first  plnnged  into  melting  ice,  and  the  place  where  the  aMrcnr|' 
stands  is  marked;  the  bnlb  is  afterwards  plongcd  into  boiling 
water  and  the  same  operation  repeated.  On  Fahrenheirs  scale 
this  space  b  diridcd  into  180  equal  parts,  and  siaulir  parts  are 
taken  aboTe  and  below  for  extending  the  scale,  and  the  freexsag 
pomt  of  water  b  placed  at  32^,  and  the  boiluig  point  at  2lT.  In 
Fahrenheit's  scale  1.8  degrees  are  eqnal  to  one  degree  of  the  c*s* 
tirade  thermometer,  and  2.35  to  one  degree  of  Rennanir, 

Other  fluids  betides  mercury,  such  as  alcohol,  are  sometisses 

used  in   thermometers,  particularlj  for.  measuring  low  degree 

when  mercory  fieeset. 
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Air  is  employed  in  the  diffrential  hermometer,  which  consists 
of  two  bulbs  filled  with  air,  ind  connected  by  a  cnpillary  tube  con- 
taining oil  of  Titriol :  the  heated  body  is  brought  in  contact  with 
one  bulo^  the  air  of  which  expands  and  drives  the  fluid  towards  the 
other  hulb. 

6.  Temperature  is  the  power  bodies  possess  of  corhmanicating 
or  receiving  h(!»t,  or  the  energy  •>f  repulsion  ;  and  the  tempera, 
ture  of  a  body  is  said  lo  be  high  or  low  with  respect  to  another,  in 
proportion  as  it  occasions  an  expansion  or  contraction  of  its  parts  ; 
and  the  thermometer  is  the  common  measure  of  temperature. 

7.  When  equal  Tolnmes  of  different  bodies  of  different  tempera, 
tures  are  suffrred  to  remain  in  contact  till  they  are  possessed  of  the 
same  temperature,  it  is  found  that  this  temperature  is  not  a  mean 
one,  as  it  would  be  in  the  case  of  equal  Tolumes  of  the  same  bodj. 
Thus,  if  a  point  of  quicksilrer  at  100*,  be  mixed  with  a  pint  of 
water  at  50*,  the  resulting  temperature  is  not  75%  but  al>out  70* : 
the  mercqry  has  lost  .^0%  whereas  the  water  has  gained  only  20^. 
In  the  common  language  of  chemical  philosophers  this  difference  is 
said  to  depend  upon  the  different  capacities  of  bodies  for  beat,  and 
the  capacity  of  a  body  is  said  to  be  greater  or  less,  in  proportion 
as  its  temperature  is  less  or  more  raised  by  the  addition,  or  dimi. 
nished  by  the  subtraction  of  equal  quantities  of  the  power  of  repol. 
siou,  or  heat.  Thus  mercury  is  said  to  haye  a  much  less  capacity 
for  heat  than  water ;  and  taking  the  facts  above  stated  as  data,  and 
comparing  the  weights  of  the  two  bodies,  which  are  as  13.3  to  I, 
their  capacities  will  be  to  each  other  as  about  19  to  1. 

Tables  of  the  relative  capacities  of  bodies  are  given  in  the  works 
of  dif&rent  authors.  In  referring  to  the  various  bodies  which  are 
the  subjfrts  of  chemistry,  this  property  will  be  described  amongs^ 
other  properties.  In  general  it  appears  that  the  substances  most 
expanvible  bv  heat  are  those  which  have  the  greatest  capacities  ; 
thus  gasses  in  general  have  greater  capacities  than  fluids,  and  fluids 
than  solids  ;  but  the  extra  ratio  has  not  been  yet  determined. 

8.  Different  bodies,  it  appears,  have  their  temperatures  diffe. 
rently  raised  by  the  addition,  or  diminished  by  the  subtraction  of 
equal  quantities  of  heat,  or  the  power  of  repulsion,  and  they  are 
likewise  affected  by  beat,  or  expanded  with  rery  different  degrees 
of  celerity.  If  slender  cylinders  of  silver,  of  glass,  and  of  char- 
coal, of  equal  length  and  size,  be  held  in  the  central  part  of  the 


SOURCES  AND  EFFECTS  OF  HBAT.  55 

flame  of  a  caodley  the  siWer  rapidly  becomes  heated  throughout, 
aod  cmooot  beheld  io  the  hand  ;  the  heat  is  more  slowly  communi- 
cated through  the  glass,  but  the  charcoal  becomes  red-hot  at  the 
oae  extremity  long  before  any  heat  is  felt  at  the  other  extremity. 
These  difiTerences  are  said  to  depend  upon  the  difRfrent  powers  of 
these  bodies  Jot  conducting  heat  \  thus  the  silver  is  said  Ko  be  a 
better  conductor  than  the  glass,  and  the  glass  than  tho  charcoal. 
Id  general  those  bodies  that  arc  the  densest,  and  that  have  the  least 
capacity  for  heat,  are  the  best  conductors ;  thus  the  metals  con- 
doct  better  than  any  other  solids  ;  gasses  are  worse  conductors 
than  floids,  and  fluids  than  solids  :  but  there  are  exceptions  with 
respect  to  this  correspondence  between  conducting  powers  undden- 
ftty,  and  a  remarkable  one,  in  the  densest  known  body  in  nature, 
platioa,  which  is  perhaps  the  worst  conductor  amongst  the  metals. 

Animal  and  ye^etable  substances  in  genera],  arc  very  bad  con. 
doctors;  thus  the  hair  and  wool  of  animals,  and  the  feathers  of 
birdt,  are  admirably  fitted  to  protect  them  from  the  cold,  and  they 
inclose  and  retain  air,  which  being  a  still  worse  conductor,  enhan. 
ces  the  cfffCt.  It  was  supposed  by  Count  Knmford,  that  the  fluids 
and  gasses  are  perfect  nonconductors  of  heat,  and  that  their  par- 
ticletf  can  be  heated  in  no  other  way,  except  by  coming.in  succes- 
sion io  the  source  of  heat ;  but  some  Tery  conclusive  experiments 
seem  to  render  this  opinion  untenable.  In  general,  however,  fluids 
and  gasses  alter  their  places,  from  a  change  of  specific  gravity  much 
more  rapidly  than  they  communicate  or  receive  heat.  This  is  illus. 
trated  by  a  very  simple  experiment  ;  let  an  air  thermometer  be  in- 
verted in  a  vessel  of  water,  &o  that  the  extremity  of  ihe  bulb  is 
barely  beneath  the  surface,  let  a  little  ether  be  poured  upon  the 
water  so  as  to  form  a  stratupi  about  ^  of  an  inch  above  the  ther- 
mometer, and  let  the  ether  be  inflamed;  however  delicate  the  ther. 
mometer,  the  air  in  it  will  not  soon  expand  ;  the  ether  boils  vio« 
lently,  but  a  very  loiiji;  process  of  this  kind  is  required  to  commu- 
nicate any  sensible  heat  to  the  water.  Unless  the  particles  of 
gasses  and  fluids  had  been  capable  of  communicating  heat  to  a  cer. 
ttia  extent,  the  upper  strata  of  liquids  would  be  almost  the  on[y 
permanently  heated  parts ;  and  heat  would  be  constantly  accumu- 
lating on  the  surface  of  extensive  seas.  Our  lower  atmosphere 
likewise  would  be  intensely  cold  during  the  absence  of  the  sun  : 
but  by  the  relations  between  the  conducting  power  and  the  mobi. 

E4 
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litj  of  fluids  aud  gasses  ;  the  changes  of  temperature  of  air  and 
water  are  made  progressiye  aod  equable,  and  adapted  to  a  habit* 
able  globe.  As  heat  is  propagated  very  slowly  through  gilseoat 
bodies,  so  they  communirate  it  Tery  slowly  to  other  bodies,  a  dr* 
cumstance  that  might  be  expected  from  the  small  quantity  of  matter 
they  contain,  when  compared  to  other  snbstances.  The  heat  of 
metals  at  the  temperature  of  1^0*  is* scarcely  supportable;  water 
scalds  at  150° ;  but  air  may  be  heated  to  940"  without  belos  paia* 
ful  to  our  organs  of  sensation,  and  a  temperature  near  this  was  ex- 
perienced for  some  minutes,  by  Sir  Joseph  Banks.  Sir  Charles 
Blagden,  and  Dr.  Fordyci?,  in  a  room  artificially  heated. 

The  power  of  abstracting  heat  in  air  is  likewise  comparatiTelj 
Tery  small ;  in  the  high  northern  latitudes  a  cold  has  b«*en  expe- 
rienced without  injury,  in  which  mercury  froze ;  and  if  in  thia 
state  of  the  atmosphere,  metallic  substances,  of  the  same  tempenu 
ture,  were  touched,  a  sensation  like  that  of  burning  was  expe* 
rienced,  and  the  part  blistered. 

9.  Heat,  or  the  power  of  repulsion,  may  be  considered  as  tiie 
antagonist  power  to  the  attraction  of  cohesion,  the  one  tending  to 
separate,  the  other  to  unite  the  parts  of  bodies ;  and  the  forms  of 
bodies  depend  upon  their  respective  agencies.  In  solids  the  at* 
tractive  force  predominates  over  the  repulsive ;  in  fluids,  and  in 
elastic  fluids  they  may  be  regarded  as  in  different  states  of  equilL 
briura ;  and  in  ethereal  substances  the  repulsive  must  be  considered 
'  as  predominating  over,  and  destroying  the  attractive  force. 

All  the  different  substances  in  nature,  under  certain  circunu 
stances,  are  probably  capable  of  assuming  all  these  forms  ;  thus 
solids,  by  a  certain  increase  of  temperature,  become  fluids,  and 
fluids  gasses  ;  and  vice  versa^  by  a  diminution  of  temperature 
gasses  become  fluids,  and  fluids  solids. 

Instances  of  the  fusion  of  solids  by  heat  are  too  familiar  to  re> 
quire  any  particular  notice  ;  when  water  becomes  steam  by  boil* 
ing,  it  is  merely  the  conversion  of  a  fluid  into  an  elastic  flnid ;  and 
a  simple  instance  of  this  circumstance  may  be  given  in  the  ebalU* 
fion  of  ether.  Let  a  little  ether  be  introduced  into  a  small  glass 
retort  filled  with  water,  and  inverted  in  water ;  the  ether  will  swim 
above  the  water,  in  the  upper  part  of  the  retort ;  let  a  heated  bar 
of  metal  be  held  near  the  part  of  the  retort  containing  the  ether^ 
as  the  heat  is  communicated,  globules  will  be  seen  to  rise,  and  In  a 
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nrf  >hort  time  «la<lic  tiuid  will  be  formed,  in  such  qnantiliM,  ai 
to  «xpe1  the  walrt  fcom  llie  vessel :  on  sutfering  ihe  gloss  (o  cool, 
lite  riattir  diHit  will  be  condea^rd,  aoil  will  become  again  fluid. 

If  ■  f[litbule  of  mtrrcur]'  be  held  in  aipooD  of  platina,  over  Ihe 
fltne  of  a  lagip,  it  Kill  lif  TiTldty  a^ttalcd,  and  will  rapidly  diini- 
niah.  ThU  \%  nwinf  to  Its  becoming  elastic,  and  fijing  off  in  gas  ; 
vhI  bj  a  Trry  tow  lemperatore,  which  may  be  arli&cially  produced 
bytniting  together  very  cold  snow  and  a  tall  called  niuriale  of 
Hne,  vercury  tnty  be  congt-aled  into  the  solid  form. 

Offi«reiit  bodies  change  their  states  at  Tery  dJRVrenl  tempera. 
IKK«.  Ihudi  mercury,  which  is  a  solid  at  about  40  below  Fahren. 
Ml,  boib  at  about  6ou ;  sulphur,  which  becomes  fluid  at  318% 
bail*  at  b7V;  eiber  boiU  at  Sti".  The  temperatures  at  which  the 
eMiinon  metals  became  gaseous,  are  generally  fery  hii(h,  and  most 
of  them  incapable  of  bein^'  prodoced  by  common  means,  lrOD« 
manganfte,  plalina,  and  some  other  netalB,  whiih  can  scarcely  be 
fa<>pd  in  the  best  furnaces,  arc  readily  melted  by  eteclricity  ;  and 
by  Ihe  Voltaic  api)aratu.«  a  degree  of  heat  is  attained,  In  which  pla^ 
tina  net  only  fuses  with  readioess,  but  seemi  eTen  to  eraporate. 

With  respect  to  the  conversion  of  solids,  fluids,  or  gaases,  into 
eth'rnl  Knbstinces,  the  proofs  are  not  of  the  same  distinct  nature 
u  tbosp  belonging  to  their  conversion  into  each  other.  When  the 
temperature  of  a  body  is  raised  to  a  certain  extent,  it  becomes  lu< 
minon*  ;  oud  heated  bodies  not  only  affect  other  bodies  by  direct 
contact,  but  likewise  exert  an  influence  on  them  at  a  dislance, 
which  is  ascribed  to  what  Is  usually  called  radiant  heat.  One  so. 
hlion  of  this  phenomenon  is,  thai  particles  are  thrown  off  from 
betted  bodies  with  great  velocity,  which  by  acting  on  our  organs 
produce  the  sensations  of  heat  or  light,  and  Ihnt  thi'ir  motion, 
conmonicated  to  Ihe  particles  of  other  bodies,  has  Ihe  power  of 
eipaoding  them  ;  thus  if  hi>nt,  or  the  force  of  repulsion,  be  so  in- 
creased in  an  clastic  fluid,  as  to  overcome  the  force  of  cohesion 
and  grarilit  oo,  these  particles  would  move  in  right  lines  through 
frre  ipa<'e  ;  and  we  know  of  no  other  effects  they  could  pTudoce, 
than  those  of  heal  and  light.  It  is  perhaps  in  Favour  of  this  opj- 
BiOB,  (bat  all  the  different  elastic  fluids  expand  equally,  when  their 
temperatures  are  equally  railed  i  and  from  observations  made  on 
the  eclipses  of  Jupiter's  salellites,  and  from  other  phenomena  pre. 
senled  by  the  heavenly  bodies,  it  appears  that  the  motions  of  light, 
are  equable. 
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It.  may,  however,  be  said,  that  the  radiant  matters  emitted  bjr 
bodies  io  ignition,  are  specific  substances,  and  that  common  matter 
is  not  susceptible  of  assuming  this  form  ;  or  it  maj  be  coateodedf 
that  the  phenomena  of  radiation  do,  in  fact,  depend  upon  motions 
communicated  to  subtile  matter  every  where  existing  in  space. 

9.  The  temperatures  at  \ihich  bodies  change  their  states  from 
fluids  to  solids,  though  in  general  definite,  are  influenced  by  a  few 
circumstances,  such  as  motion  and  pressure.  Water,  ke|it  per- 
fectly at  rest,  may  sometimes  be  cooled  to  22%  without  congela. 
tion;  but  if  at  a  temperature  below  32%  it  be  agitated,  ice  instantly 
forms.  A  saturated  solution  of  Glauber's  salt,  introduced  whilst 
warm  into  a  bottle,  from  which  the  pressure  of  the  atmosphere  is 
excluded,  remains  liquid  after  cooling,  but  if  the  atmosphere  be 
soffered  to  act  upon  it,  it  instantly  crystallizes.  The  boiling  point 
of  fluids  is  still  less  fixed,  than  the  point  of  fusion  of  solids,  and  is 
immediately  dependent  upon  pressure.  Thus  ether  will  l)oil  rea- 
dily at  the  freezing  point  of  water,  in  the  exhausted  receiver 
of  an  air-pump  ;  and  it  appears  from  the  researches  of  Professor 
Robinson,  that  in  a  vacuum,  all  liquids  boil  about  146**  lower, 
than  in  the  open  air.  Under  pressure,  liquids  may  be  heated  to  a 
high  ilegree  ;  water  in  a  Papin*s  digester,  may  have  its  tempera- 
ture raised  to  300%  but  at  the  moment  the  pressure  is  removed, 
elastic  nwittpr  is  disengaged  with  groat  violence. 

10.  A  peculiar  distinction  has  been  made  by  some  authors  be- 
tween permanent  elastic  fluids,  and  elastic  fluids  which  are  con- 
densible  by  pressure  or  cold  ;  but  these  substances  difi*er  only  in 
the  degree  of  the  point  of  vaporization ;  and  steam  at  dOO  de- 
grees of  Fahrenheit,  there  is  every  reason  to  believe,  would  be 
equally  incondensible  with  air  at  a  range  of  temperature  such  as 
we  can  command  below  our  common  temperatures  :  and  some 
gases  that  are  permanent  under  all  common  circumstances^  as  am* 
monia,  are  condensible  by  intense  cold  aided  by  pressure. 

All  bodies  that  boil  at  moderate  temperatures,  seem  to  evapo- 
rate, so  as  to  produce  a  certain  quantitf  of  elastic  matter  in  the 
vraimon  state  of  the  atmosphere  ;  and  this  quantity  is  greater  in 
proportion  as  the  temperature  is  high.  According  to  Mr.  DaltOD, 
the  force  of  vapour  increases  in  geometrical  progression  to  tbe 
temperatnte,  bot  the  ratio  differs  in  different  fluids.    It  is  certain 
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that  as  tlie  temperatare  approaches  near  the  point  of  eballitioB,  in 
liquids,  tho  strength  of  the  yaroor,  t.  e.  the  quantity  that  wonki 
rise  in  free  space,  rapidly  increases. 

In  hot,  dry  weather,  it  i*  obrions  that  there  moft  be  moch 
more  Tapour  in  the  atmo^nhcre,  than  in  cold  wet  weai her  ;  and 
the  largest  qnnnfity  f  xists  in  summer  and  in  the  tropical  climates, 
when  moisture  is  most  needci!  for  the  purposes  of  life  ;  and  it 
appears  to  be  the  aqueous  ^apour  in  the  atmosphere,  which,  when 
ronden<fd  by  the  mixture  uf  cold  vvlth  hut  air,  or  by  Other  agen* 
cies  occasioning  a  change  of  its  temperature,  is  the  cause  of  dew, 
mists,  rain,  and  ultimatt^l^  uf  £i^>rings,  and  rivers. 

11.  When  solids  are  convert^i)  in(o  fluids,  or  fluids  into 
gasies,  there  is  always  a  loss  of  heat  of  temperature,  and  victf 
versA^  when  gasses  are  conrerted  into  fluids,  or  fluids  Into  solids, 
there  h  an  increase  of  heat  of  temperature,  and  in  this  case  it  ii 
said  that  latent  heat  is  absorbed  or  giTm  jout.  Thus  if  equal 
weights  of  snow  at  32**  and  of  water  at  172^  be  mixed  together,  tbci 
whole  of  the  snow  is  melted,  but  the  temperature  of  the  mixture  it 
found  to  be  32^,  so  that  140*  degrees  of  heat  are  lost.  Again,  if 
water  be  heated  in  a  Papin's  digester  to  300  degrees,  and  the 
Talve  be  raised,  a  quantity  of  4«team  instanlly  rises,  which  has  the 
temperature  of  212%  and  the  temperature  of  the  water  in  the  di. 
gester  is  found  to  be  the  same,  so  that  a  great  quantity  of  beat  of 
temperature  is  lost  in  converting  the  water  into  steam. 

If,  when  the  air  is  at  20°,  a  quantity  of  water  be  exposed  to  it 
in  a  tall  glass,  the  water  gradually  cools  down  to  %V^  without 
freexinit,  but  if  it  be  shaken,  so  as  to  be  converted  into  ice,  the 
temperature  of  the  ice  is  found  to  be  at  32*,  so  that  the  degree  of 
heat  is  raised  during  the  act  of  freexing. 

If  one  part  of  steam  or  aqueous  gas,  at  212%  be  mixed  with 
six  parts  by  weight  of  water  at  ^2**,  the  whole  of  the  steam  will  be 
condensed,  and  the  temperature  of  the  fluid  will  be  about  2 12*,  so 
that  there  is  an  immense  increase  of  the  heat  of  temperature,  and 
90O*  may  (>e  considered  as  taken  from  the  steam,  and  as  added  to 
the  water.  ^ 

All  the  phaenomena  of  these  changes  may  be  referred  to  a  sim« 
pie  general  law,  of  which  Dr.  Black  was  the  discorerer,  and  which 
has  been  most  ably  illustrated  by  the  researches  of  Wilke,  Watt, 
Irrine,  and  Crawford,  namely,  '^  that  whenever  a  body  changes 
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its  form,  its  relations  to  temperature  are  likewise  changed,  either 
increased  or  diminished  ;'*  and  many  important  operations,  bo(h 
artificial  and  natural,  depend  upon  this  law.  The  knowledge  of 
it,  for  instance,  led  Mr.  Watt  to  make  his  great  improTement  of 
the  steam-engine,  by  which  the  steam  is  condensed  out  of  the  cy« 
linder  in  which  its  force  is  efficient,  and  fresh  gaseous  matter  id- 
troduced  without  any  chance  of  a  loss  of  its  elasticity. 

One  of  the  most  perfect  modes  of  heating  large  rooms,  and  of 
procuring  a  uniform  temperature  for  the  purposes  of  manafactare| 
u  by  the  condensation  of  steam.  By  the  cold  produced  ia'cobs** 
quence  of  the  eyaporation  of  water  in  hot  climates,  congelatioa  is 
effected  ;  and  in  the  nights  in  Bengal^  when  the  temperature  is  not 
below  fifty,  by  the  exposure  of  water  in  earthernware  pans  upon 
mobteoed  bamboos,  thin  cakes  of  ice  are  formed,  which  are  lieftp* 
ed  together  and  preserred  under.ground  by  being  kept  io  contact 
with  bad  conductors  of  heat.  The  cold  produced  by  efapontioD, 
b  likewise  the  cause  of  the  formation  of  ice  in  Mr.  Leslie's  eleguit 
experiment,  in  which  sulphuric  acid  is  placed  in  a  fessel  upon  the 
plate  of  an  air-pump,  and  water  in  another  Tessel  raised  abore  it; 
the  surfaces  both  of  the  acid  and  the  water  being  consideraUo. 
IVhen  an  exhaustion  is  made,  the  sulphuric  acid  rapidly  absorbs 
the  Tapour  rising  from  the  water  ;  fresh  rapour  is  immediately 
formed,  and  in  a  few  minutes,  if  the  circumstances  are  faToambley 
speculae  of  ice  are  seen  to  form  on  the  surface  of  the  water. 

When  aqueous  vapour  is  condensed  into  fluid  in  the  atmospliere, 
heat  b  produced ;  and  the  formation  of  rain,  hail,  and  snow,  tenda 
to  mitigate  the  severity  of  the  winter.  In  the  summer,  evaponu 
tion  is  constantly  tending  to  cool  the  surface.  The  melting-of  the 
polar  ice  moderates  the  heat  that  would  arbe  in  the  northern  re* 
gions  from  the  constant  presence  of  the  sun  during  the  polar  sam. 
mer.  And  the  evolution  of  heat  during  the  congelation  of  water, 
prevents  too  great  a  degree  of  cold,  and  renders  the  traniitions  of 
temperature  more  slow  and  gradual. 

12.  When  the  forms  of  bodies  are  changed  by  mechanical 
^  means,  or  when  mechanical  forms  are  made  to  act  upon  them,  there 
is  usually  a  change  of  temperature.  A  piece  of  caotchouc  extended 
and  sufiered  to  contract  rapidly  by  mechanical  means,  beoomas 
hot ;  a  nail  is  easily  made  red-hot  by  a  few  well  directed  blows 
of  the  hammer ;  and  by  the  friction  of  solids,  considerable  in* 
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OMM  of  tonpentara  is  produced  ;  rhus  the  nxle.treei  of  csrriagu 
MMnetimes  inflBine. 

By  strong  pnrsiurp,  fluids  crrn  are  made  InmiRout,  ai  has  been 
latrly  tb«wn  by  M.  Dextaignei. 

'  Wh«n  an  Hattic  fluid  ii  compressed  by  mechanieal  mean^,  its 
tenptraluTe  is  raised  ;  and  when  Iha  coiDpretsing  forces  are  great 
and  rapidly  applii^,  thv  effect  issue))  as  to  caaie  the  ignition  of  bo. 
ilits.  A  machine  fur  setting  fire  to  tinder  r>t  (he  agaric,  by  iha 
cooipreuioa  of  air,  has  been  for  some  lime  in  use. 

When  air  is  niBde  to  expand  by  rrmoTiiig  compressing  forces,  a 
diniRiition  of  temperature  is  occiiianed.  Thus  the  mercury  in 
[h«  tbenoonieler  sinks  at  the  time  of  the  rarefaction  of  air,  by  ea* 
hausting  the  receiter  of  an  air-pump, 

lo  Dk  common  language  of  chemistry,  it  may  be  said  that  lh« 
rapadty  of  elastic  fluids  for  heat  is  diminished  by  compression,  and 
«icrau«d  by  rarefaction  ;  and  it  is  probable  that  when  the  volume* 
of  •tastlc  fluids  are  changed  by  change  of  temperature,  there  !* 
Iikeirise  a  change  of  capacity,  and  on  these  ideas,  it  is  eany  ta  ac> 
fODOt  for  the  correspondence  hetween  the  diminntion  of  the  tem> 
peralWK  of  the  atmosphere  and  its  ht-rghls  ;  for  if  it  be  concived 
th*t  fbe  ca[>scity  of  air  rare6ed  by  heat,  increases  as  it  ascends, 
Ike  hmt  of  temperature  which  was  the  cause  of  its  ascent,  must,  a4 
I  nrlsln  elevation,  become  heat  of  capacity  :  and  the  higher  artd 
ator*  rarefied  the  air,  the  more  it  is  remored  from  (he  source  of 
heal,  and  the  greater  its  power  of  diminishing  lemperatuie. 

A  very  curious  phenomenon  is  producad  during  the  action  of 
the  foantaia  of  Htero  at  Schemnilz  in  Hungary;  the  air  in  the 
■kUbo  la  compressed  by  a  column  of  water,  ISO  feel  high,  and 
wbm  t  atop.cock  is  opened  so  as  tu  sufft-T  air  to  escape,  its  sadden 
lUcfketlon  produces  a  degree  of  cold  which  not  only  precipitates 
■qacaM  vapoDri,  but  caases  it  to  congeal  in  a  shower  of  snow, 
and  the  pipe  from  which  the  air  issues,  becomes  covered  with  ici. 
daa.  Dr.  Darwin  has  ingeniously  explained  the  production  of 
UOW  on  Ibe  tops  of  the  highest  mountains  hy  the  precipitation  of 
npasr  from  the  rarefied  air  which  ascends  from  plains  and  valliei.' 
TiecUaof  the  Andes,  placed  almost  under  the  line,  rises  in  the 
■iilit  of  burning  sands  ;  about  the  middle  height  i*  a  pleasant  and 
tdU  cDmate ;  the  lummiti  are  covered  with  anchangiiig  snows ;  and 
ibcM  nm§e»  of  tMnperature  are  always  distinct ;  the  hot  winds 
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lejiaratt,   the  Olhi-r  tu  : 
boilira  (le[>cnd   upon  (li- 
traclive  forcu  prcdomin 
elastic  fluiilt  they  may  f'' 
brioni :  and  in  ethereal  ii 
as  predominalJDj  a*»r,  ar 
All  the  diSvrent  sub! 
Blancps,  are  probably  ca; in' 
«uMdi,   by  a   certain  irnr.- 
fluids   gasiies ;   and  rirv    :' 
gujvi  btcome  fluids,  mi.' 

Instances  of   the  fu~ 
quire  any  particniar    i» 
iiig,  it  15  mcrdy  the  com 
a  simple  instance  of  Ihl-. 
fiiin  of  <thpr.     Let  a  liiti 
retort  filled  with  water,  an<' 
abore  th«  watpr,  in  the  upp- 
of  metal  be  held   near  the  p^ 
at  the  heat  is  connnnaicaUd,  gl- 


^'  «zi  ma,  m  pm  impnttmat  rf 
■^r-^i^  EaniaBdHi  of  tkijL 


^«  amiOQ  Jn|«  nom,  and  af 
mr  tk  pvpan  of  muB&ctait^ 
fctkcaHpafcctdiiMHa. 

■rabtdB 


SOVftCBS  AND  EFFECTS  :  F  S2  &r  tl 

.1  *■  of  teropentore  is  prodatrd  :  Tit*  tit  Li.*-t-*«  r**  :x— i»r« 

'i'lKS  inflime. 
"-   -trong  pressure,  flnidf  ere  a  ar^  &bd*  LViac'U.  as  ib:  xi!!^ 
•••'\  -*:t\fn  bj  M.  Dessai^es. 

VV.  .  M  an  elastic  fluid  is  coarfesM-i  "-■»  iwcB«r:..'x    vr-^BX*.    i» 

'n:.  :  i.ture  is  raised ;  and  wfcfn  i^  rt«r;r**fc.-T;i  ii*-:--?  ar-r  r^jr 

ail  r     I J  iv  applied,  the  effect  i«  sszi  ai:r  :LrM  31^  itti^lI  d'  xm- 

,jf.      \  machine  for  setting  are  to  ti^Sf  s*'   -Ji*  ^3.-1-    i*   vm 

ion  of  airi  has  beeo  for  msm  tiiK  1  ny^. 

nir  is  made  to  expand  bj  rearrntr  r:iiixi:»-*-saXLi  "ir^».  i. 

II  of  temperatare  is  occaii  ?!>«-£.      Ti'x.-?  in*  m-'-ri-^    n 

..mt-ter  sinks  at  the  time  of  ti*  rxr*'jfcr:««i  ;»'  ar    i**  *-- 

-::•■  receiferof  an  air*firs;. 

TTiDion  langoafe  of  c^ee's^T-    r.  Jtij  ik  aui  oar  zi^ 

'  -.i*itic  fluids  for  heat  is  disiitifne?:  17  =:inn*-%ami.  taA 

■  rarefaction ;  and  it  is  jnKAZf^  uor  v  uei  -ui-  -^itlbsis 

'-  are  duaged  bj  ciiat*  rf  •-im^'Tr.ir^-  ifcM^  » 

:-  of  capodlj.  aad  en  tAese  la^v,  c  a  *&»  11  ^r- 

rr'.-«pondeaoe  bet*f*«  tin-  f  :il:hl":ii»i  u*  ti.*  -.-m- 

"^losphera  and  its  he":i'Ti*  :  i.'  f  r  Zft  t;w.i-"-.-i 

:'  air  rarcAed  br  iiei::.  it*rr*ii:*»«  isr  r  ^-.-rti- 

"are  vlod  vast^ccxK  t/  i:  l^'.-^tt.   sm -.  » 


heal  of  cxubcT!*     uti  -3i»  lucit^  infC 


the  aore  it  ii  reiKcr^;!  i*tnL  ui&  kiut-.*  u 

'inewM  is  pr«idb:s«c  ll-hi  im  hrri'.n  y 

Scknuia  in  E;.  1.007  ;  '.^  ^^  n  w^ 

*.  cohiBa  of  vi>*.  M'.  5ff»r  iHp.  v^t 

-0  as  to  rsff<=r  l  r  ^t  ekz^t»,  ih  mtit^i 

e  of  eoid  villi.  i»y:  wjj  prvzxunKv^, 

it  to  oomgt^  h  fc  nfc>v«f  tf  «ui*v 

lir  isives.  btcsnbn  an»?%t  "rra  r.^ 

jusIt  ex^*laaf«!e  ti*   ;in«i<?iiui  ir 

't  BosacaJKi  :n  oi^  >r»oruiadiW  v' 

icb  aice&ii  fnm  f»a.afi  nic  t«lii»^ 


« 


alaott  vjti^  ui»  Imu  -n.^^  h  -.^^ 


!  the  Bjd.de  'i*i^i^  ji  ft  sMttMiir  iu: 
CO? eriid  wia.  ua*^-u.lcil{  i,v;'»     isiii 
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Welding  heat  of  iron      •  •  • •  •  •  •  95 

Worcester  porcelain  nitrifies              §4 

Welding  heat  of  Iron  be^rins       • •  90 

Cfeam •coloured  ware  baked 86 

Flint  glass  fornace,  weak,      70 

Working  heat  of  plate  glass   57 

Dclf  ware»  baked       •- •  41 

Fine  gold  melts,  W SrW.WST^F, 

Bergman     ••••....  1301 

Settling  heatef  flintglass      • ••-• 29 

Fine slWer  melts.  W.      ••.••  28       471t 

Bergman      1000 

Swedish  copper  mcltt,  W 27        458T 

Bergman    1460 

Bran  mtlts    -••••^ •  2l 

tSvamel  bnrnt  on       • 0 

Red  beat,  YisiWe  by  day-light,  W OW.  1077 

Bergman      1050 

Red  heat,  TisiUe  in  the  dark    —  1  W.    94T 

Antimony  melts,  Bergman        809 

Zine  melts,  Bergman      • • 699 

Mercury  boils       •  -  • 660  or  655 

Bkpreiaed  oils  boll       60O 

Sulfuric  acidboilt      \^ 

Steel  becomes  deep  blue       • 580 

Oil  of  tarpentine  boils 1Sm15 

Lead  melts        ••> • •  540 

Biot      604 

Beigman      •  •  •  • 595 

BismnthmelU         •• *..... 460 

Bergman      •«  494 

Steel  becomes  straw-coloured,  the  best  temper  for  penknivet  460 

Lead4,  tin  1,  melts       460 

Tin  melts 408 

Biot      410 

Bergman      ....  415 

ChrichtoD.  Ph.  M.      4421 

Bismuth  1,  tin  I9  melti 889 

Citric  acid  boils        ....,.• 8|j| 

Satui^tcd  solutisB  of  salt  boils    818 

Water  boils,  the  barometer  at  90.    ..,.. 8lS 

Bismuth  5,  tin  3,  lead  2,  mells     Sit 

Bismuth 8,  lend  5,  tin  8,  melu    ...«•••.  ...  tlO. 

Alcohol  boils     I74 

Semi a6d albuttca  coagulate    .,».« 118 
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I?4 

Hcsl  of  tern  a^  caflre     190  to  140 

Ferrmh  kcai      lOT  to  lit 

H^at  for  ianbuioa  108 

A  picaMBt  hmtk     9S*  to  106 

IViBtniorbsllisCEdiaboRrh     100 

96fol00 

09 

keaelli     Sf  F. 

Wc^^wood  thiiiks  tke  firerziof  poiot  of  'vapoor  a  little  liifWr* 

Milk  freezes     SO 

n 

10,  water  14,    by  weifkt,  fireeart     «1 

eeaei   80 

Akohol  1»  water  3,  freezes     7 

Akobol  I,  water  1,  freezes      -.    7 

Alcohol  9,  water  1,  freezes     —  II 

Vcfcary  freeaes»  coDtracting  about  1-83      —  S9 

iTounfs  Nat.  Phil. 
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Fariaiion  of  Local  Heat. — By  James  Six,  Esq. 

To  iofettigate  the  Tariation  of  local  heat,  I  made  the  following 
expmimentfi.  On  Sept.  4,  1783,  I  placed  thermometen  in  3  dif. 
fereat  atations  ;  one  on  the  top  of  the  high  tower  of  Canterbury 
cathedral,  about  2^  feet  from  the  ground ;  another  at  the  bottom 
of  the  same  tower,  at  about  110  feet;  and  a  3d  in  my  own  garden,* 
not  more  t(ian  6  feet  from  the  ground.  They  were  all  carefully 
exposed  to  the  open  air  in  a  shady  northern  aspect ;  the  lowest 
wu  as  little  liable  to  be  affected  by  the  reflection  of  the  sun's  rays 
as  the  eleTation  would  permit,  the  second  still  less,  and  the  highest 
not  at  all.  They  thus  remained  in  their  seTeral  places,  where  I 
Tisited  them  daily  for  3  weeks,  aad  minuted  down  the  greatest  de« 
gree  of  heat  and  cold  that  happened  each  day  and  night  in  their  r«» 
i^ectiTe  stations,  by  a  peculiar  thermometer.  * 

Bj  these  obser?ations  it  appears  that,  notwithstanding  some 
irregalarities,  the  heat  of  the  days  at  the  lowest  station  always  ex. 
eeeded  that  at  the  middle,  and  still  more  the  heat  at  the  upper 

•  Sitnated  floC  te  fimei  the  cathedral,  at  the  extremity  of  the  baildinfi  oa 
tie  MfftliMe  oC  ths  cHyn— Orif. 
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station.  As  in  many  instances  the  higher  regions  of  the  atmo* 
sphere  haje  been  found  to  be  colder  than  the  lower,  and  the  ther* 
mometer  In  the  garden  was  more  liable  to  be  heated  by  the  reflec- 
tion of  the  sun^s  rays  from  the  earth  than  the  upper  ones,  m  dif- 
ference of  this  kind  might  have  been  expected.  But  I  was  greatly 
surprized  to  find  the  cold  of  the  night  at  the  lowest,  not  only  equal 
tOy  but  Tery  frequently  exceeding  the  cold  at  the  higher  statioos. 
As  I  wished  to  know,  whether  these  rariations  would  continue  the 
same  in  winter,  when  the  weather  was  colder:  and  whether  a  ther- 
mometer, placed  at  some  distance  from  the  city,  haying  an  eleja- 
tion  equal  to  that  on  the  top  of  the  cathedral  tower,  would  agree 
with  it;  on  Dec.  19,  1783,  I  disposed  the  3  thermometers  in  the 
following  manner  :  one  in  my  garden ;  one  on  the  top  of  the  high 
tower,  as  before;  and  the  third  on  the  top  of  St.Thomas's  hill, 
about  a  mile  distant  from  the  city,  where,  at  15  feet  from  the 
ground,  it  was  nearly  leTel  with  that  on  the  cathedral  tower.  The 
weather  at  this  time  proving  cold,  favoured^the  experiment ;  and 
I  now  found  the  several  thermometers  nearly  agreeing  with  each 
other  in  the  day*time ;  but  in  the  night,  the  cold  at  the  lower 
station  exceeded  the  cold  at  the  higher  ones  rather  more  than  it  did 
in  the  month  of  September,  when  the  weather  was  warmer. 

At  the  time  of  taking  these  thermometrical  observations,  I  like- 
wise noted  the  different  dispositions  of  fhe  atmosphere  In  other  re- 
spects: such  as  the  pressure,  moisture,  and  dryness  of  the  air; 
force  and  direction  of  the  winds;  quantity  of  rain;  whether  (he 
appearances  of  the  sky  were  clear  or  cloudy,  8cc,.  as  I  apprehended 
the  local  variation  of  the  thermometers  might,  in  a  certain  degree, 
correspond  with  some  particular  change  in  the  state  of  the  atmo- 
sphere.    The  event  answered  my  expectation  in  a  singular  maoner 
in  respect  to  the  nocturnal  variation  ;  for  it  generally  happened, 
that  when  the  sky  was  dark  and  cloudy,  whatever  was  the  con- 
dition of  the  atmosphere  with  regard  to  the  other  partieolars  abovtt 
•numerated,    the  thermometers  agreed  pretty  nearly  with  eack 
other ;  but,  on  the  contrary,  whenever  the  sky  became  clear,  the 
cold  of  the  night  at  the  lowest  station  in  the  garden  constantly  ex* 
ceeded  the  cold  at  the  top  of  the  cathedral  tower,  where  the  instru- 
ment was  placed  220  feet  from  the  ground,  entirely  exposed  to  th* 
•pen  air,  wind,  dews,  and  rain,  in  a  shady  northern  aspect. 
The  local  variatioos  in  the  day  time  leemed  to  be  regnlAted  bf 
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ihe  General  degree  of  heat  only,  without  being  afTectci]  by  any  olher 
tiarticubr  disposition  of  th«  atmosphere,  or  (lie  clearness  or  clou- 
ili'iess  of  the  iky,  aa  Ihe  Ductarnal  Tarialions  were.  In  the  month 
of  September,  when  (he  glasses  rose  from  d'O'  to  70°,  the  heat  at 
the  lower  station  constantly  exceeded  the  heat  at  the  upper  station  : 
■nd  in  Kimc  measure  prDportlonably.aa  (he  weather  uas  hotter.* 
In  December  unci  January,  «hen  from  below  30"  (hey  seldom  rose 
t«  40*,  the  local  tariation  in  the  day-time  upiirly  ceased,  cr  was 
found  in  very  small  degrees  inclining  some(imes  one  way,  some- 
times tile  other. 

That  the  clearness  of  the  sky  should  contrtbote  to  the  coolnesi 
of  the  air  in  the  ni^ht,  is  not  at  all  surprizing ;  but  that,  whenever 
(be  nky  becomes  cli-ar,  the  cold  should  seem  to  rise  from  the  earth, 
and  fae  foun'l  in  (he  gri'ttteitt  degree,  a9  long  as  it  coniinues  clear, 
in  tb«  lowest  situation,  seems  u  tittle  extraordinary  :  this  however 
appeared  to  lie  the  casi-,  both  in  (he  warmer  and  iu  the  colder 
weather,  during  the  whole  time  these  obserraliuns  were  taken. 
AboQl  noon,  on  the  3il  pf  January,  (he  liky  becoming  dear,  the 
air  got  cooler ;  and  going  into  my  garden,  about  S  in  the  evening, 
I  peroived  the  surface  uf  the  ground,  which  had  been  wet  by  the 
rain  la  the  furenoun,  began  (u  be  frozen.  Looking  immediately 
■t  the  thermometer,  I  saw  the  mercury  at  33^" ;  and  observing  a 
[it^ce  of  wet  linen  hanging  near  the  glass,  not  6  feet  from  the 
ground,  I  look  it  into  my  hand,  and  found  it  not  in  the  least 
fruxen  ;  by  which  it  appeared,  that  the  degree  of  cold  which  had 
froien  (he  surface  of  ihe  ground,  had  not  then  ascended  to  the 
glass,  nor  to  the  linen,  and  coniequentiy  had  not  been  communi. 
CEted  to  (be  air  .'i  or  6  feet  above  the  earth.  'I'heueacday  I 
foDod,  as  expected,  a  considerable  local  variation  ;  the  index  for 
tlw  cold  of  the  night  in  Ihe  garden  being  at  3i°,  (hat  on  the  hill 
being  at  35}',  and  lliat  on  the  top  of  Ihe  tower  at  3;|°.  Probably 
the  weather  did  not  continue  clear  the  whole  night ;  if  it  had,  it  in 
likely  the  degrees  of  cold  would  have  been  found  proportiunably 
greater  at  etcry  station.     On  the  morning  of  the  lih  (here  fell  a 

•  A>  Ihp  bral  at  (he  lower  stalinn  rxceoleii  thr  heal  al  Ihc  ujiper  ones,  nbrn 
(he  weallicr  nai  ho)  j  and  equ.-iHy  so,  whenever  ihc  sky  wa<  cloudy,  as  well  ai 
wbea  it  wu  clrar  {  ll  n|i|icBr4,  ihal  Ihe  Flax  nt  Ihe  lower  station  wis  not  dibIf. 
rlnlly  alErctrd  by  the  ireecrian  ot  Ihc  lun's  rayi  froia  (lie  carib,  at  al  lirtt  1  ai> 
fttbfadtd  KvooU  br,— Oris. 
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misty  raio,  which  contioued  only  till  dood,  when  the  sky  becam* 
clear  again,  and  continued  so  till  the  7th ;  during  which  time  the 
nocturnal  heights  of  the  thermometers  differed  considerably  from 
each  other;  but  on  the  sky*s  becoming  cloudy,  the  local  variation 
ceased. 

By  experiments  of  this  kind  it  may  possibly  in  some  measure  be 
found,  how  far  evaporations  from  the  earth,  at  certain  times,  or 
vapours  ascending,  descending,  or  meeting,  in  different  parts  of 
the  atmosphere,  may  increase  or  diminish  the  heat  of  the  air  in 
those  places  :  or  whether  di£ferent  degrees  of  heat  and  cold,  sub- 
ject however  to  change,  may  not  be  found  in  different  strata  of  air, 
or  vapour,  floating  in  different  parts  of  the  atmosphere ;  or  in 
what  degree  and  proportion  the  cold  increases  at  different  altitudes, 
and  in  different  seasons  of  the  year ;  whether  the  cold,  which  is 
known  to  be  very  intense  in  the  summer  time  on  the  tops  of  high 
mountains,  receives  a  proportional  increase,  or  be  not  less  subject 
to  variety  by  the  return  of  winter  and  summer,  night  and  day,  than 
what  we  experience  in  the  plains  below. 

IPhil.  Trans.  1784. 

Mr.  Six  afterwards  continued  a  siaiilar  series  of  experiments 
throughout  an  entire  year,  in  order  to  ascertain  how  far  the  results 
might  coincide  with  those  of  the  preceding  paper,  which  were  con. 
fined  to  a  part  of  the  autumn  and  of  the  winter.  To  this  end,  as 
he  tells  us,  in  another  paper  communicated  to  the  Royal  Society 
in  the  year  1788,  he  suspended  proper  thermometers  in  a  shady 
northern  aspect,  In  the  open  air,  at  different  heights;  one  in  the 
garden  at  9  feet,  and  another  in  the  Cathedral  Tower  220  feet  from 
the  ground ;  continuing  his  journal,  with  the  omission  of  a  few 
days  only,  from  July  1784  till  July  1785.  The  result  entirely 
corresponded  with  what  was  before  obsc^rved  respecting  the  noc 
tnrnal  diminution  of  heat,  and  the  particular  state  of  the  atmo- 
sphere requisite  to  produce  it.  From  the  25th  to  the  28th  of  Oc* 
tober,  the  heat  below  in  the  night  exceeded,  in  a  small  degree,  the 
heat  above,  at  which  time  there  was  frequent  rain,  sometime! 
mingled  with  hail.  From  the  llth  to  the  1 4th,  and  also  on  the 
3 1st,  there  was  no  variation  at  all;  during  which  time  likewise 
the  weather  was  rainy ;  all  the  rest  of  the  month  proving  clear,  the 
air  was  found  colder  below  than  it  was  above,  sometimes  9  or  10 
degrees.     On  cloudy  nights,  in  June,   the  lowest  themoBieter 
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I  ■bowwl  tbe  hcaX  to  be  a  decree  or  t  wirtner  than  tha 
upper  oiw  ;  bvt  to  the  dty  tizue  the  htrat  below  constantly  ec- 
mmIm)  Ik  bal  tbove  ibok  ttuui  in  the  month  of  Oclober. 
BctBg  dcsiruBS  of  kno«inf  whether  the  aoctuntal  refrigeration 
D  a  nearer  approach  to  the  surface  of  the  earth,  Mr.  S 
.  is  the  nidst  of  an  open  meadow,  on  the  bank  of  tbe  tivcr, 
's ;  OIK  on  tbe  ground,  aud  tlie  other  6  feet  nliove 
,  KDii  the  3  others  before  mentioned,  one  on  th* 
I  (he  other  in  the  garden,  he  made  obserTations  from 
tlw  lOth  to  tbeSSd  of  October,  1760.  Here  he  found,  as  before, 
tbe  nocturnal  rariaiions  «ntirely  regulated  by  the  clearness,  or  the 
doodineu  of  the  sky  ;  and  tliough  Ihej'  did  not  alirays  happtn  in 
the  tame  proportion  to  the  respective  altitudea,  yet,  when  the 
thermometers  differed  at  all,  that  on  (he  ground  wttt  aluayj  tha 

Finding  so  considerable  a  difTerence  as  3}"  ^vithiu  6  feet  of  tlia 
earth's  surface,  Mr  S.  increased  the  number  of  thernomelers  in 
the  roeldow  to  4  ;  one  of  them  he  sunk  in  the  ground,  auother  lie 
placed  jini  on  the  gr'jund,  a  third  he  suspended  at  3  feet,  and  ■ 
fourth  »t  6  feet  from  the  ground.  At  (lie  same  time  he  pluced  3 
Uierniomet«rs  in  ifi  open  gnrden  on  St. Thomas's  Hill,  where  tbe 
laud  a  lerei  with  the  Caihtdral  Tower,  and  about  a  niUo  distant 
frotn  it;  here  he  likewise  put  one  in  the  ground,  another  ju^t  on 
it^  and  suspended  a  third  b  feet  above  it.  With  these  7  thermo- 
neters  and  the  3  before-mentioned,  in  the  city,  he  continued  a 
iiAij  for  20  days,  taking  also  every  morning  the  temperature  uf 
the  water  in  the  rirer;  but  the  weather  proving  cloudy  soon  after, 
(be  thermometers  hardly  varied  at  all,  7  or  8  days  only  excepted. 
After  this  lime  he  nevt-r  rectified  them  but  when  the  appearance  of 
the  weather  gave  reason  to  expect  that  ihey  would  vary  consider* 
abljr :  by  which  it  appears,  that  the  cold  in  the  night  was  generally 
greater  in  the  valley  than  that  on  the  hill ;  but  that  the  variations 
between  the  tbermometers  on  the  ground,  and  those  6  feet  abuva 
them,  were  often  as  great  on  the  hill  as  in  the  valley. 

From  the  foregoing  experiments  it  appears,  that  a  greater  dimk 

Bution  of  heat  frequently  lakes  place  near  (he  earth  in  the  night. 

I       time,  than  at  any  elevation  in  tbe  atmosphere  within  th"  limits  of 

Mr.  Six's  inquiry  ;  and  that  the  greateit  degrees  of  cold  are  at  such 

t)  oeniest  to  the  surface  «f  the  earth;  tkat  this  if 
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m  coostant  and  regular  operation  of  nature,  under  certain  circirai« 
'stances  and  dispositions  of  the  atmosphere^  and  rakes  place  at  all 
seasons  of  the  year ;  that  this  difference  never  happ*  ns  in  any  con. 
siderable  degree  but  when  the  air  is  still,  and  the  sky  perfectly  un. 
clouded;  but  the  moistest  vapour,  such  as  dews  and  fogs,  did  not| 
as  far  as  he  could  perceive,  at  all  impede,  but  rather  increase  the 
refrigeration.  In  very  severe  frosts,  when  the  air  frequently  de- 
posits a  great  quantity  of  frozen  vapour^  he  generally  found  it 
great(st ;  but  the  excess  of  heat,  which  in  day-time,  in  the  summer 
season,  was  found  at  the  lower  station,  in  the  winter  diminished 
almost  to  nothing. 

The  foregoing  experiments  related  to  the  difference  of  heat  which, 
mt  certain  times,  is  found  at  different  altitudes ;  the  following  to 
the  different  degrees  of  heat  observed  at  different  situations  in  re« 
spect  to  the  sea.shore.  Mr.  S.  exhibits  a  set  of  corresponding  ob« 
servations ;  among  which  are  some  taken  at  Chislehurst,  by  the 
Rev.  Mr.  Wollaston  ;  others  at  the  same  time  were  taken  in  Mr. 
S.'s  garden,  and  on  the  Cathedral  tower;  and  others  on  the  sea* 
shore,  about  7  miles  n.  n.  w.  from  Canterbury,  where  the  thermo- 
meter was  suspended  about  40  feet  above  high. water  mark,  14  from 
the  ground,  and  about  100  yards  from  the  sea.  Hence  it  appears 
that  every  night,  one  only  excepted,  during  that  time,  the  air  was 
coldest  at  Chislehurst ;  and  that  the  mean  heat  at  the  sea-shore  was 
equal  to  that  on  the  tower  at  Canterbury.  In  the  month  of  June 
the  cold  was  still  greater  in  the  night  at  Chislehur>t  than  at  any  of 
the  other  places,  excepting  where  there  appeared  9  currents  of 
wind,  the  upper  current  from  the  s.  w,  and  (he  lower  from  the  n.  E. ; 
mt  which  time  also  there  was  the  greatest  difference  between  the  ther- 
mometer in  the  garden  and  that  on  the  tower. 

The  following  experiments  relate  to  the  variation  of  local  heat  in 
the  earth  itself;  the  diversity  of  which  appears  from  the  different 
heat  of  the  water  issuing  from  it  at  different  places.  It  has  been 
eonjecttired,  that  (he  diversity  of  the  temperature  of  springs  may 
probably  depend  on  their  different  elevations  in  the  earth,  with  re« 
spect  to  the  level  of  the  sea.  Two  remarkably  deep  wells,  both 
pear  the  sea-shore,  aud  not  far  distant  from  Canterbury,  gave  a  fa- 
Tourable  opportunity  of  making  experimental  inquiry  into  this 
matter ;  especially  as  the  situation  of  the  2  springs  differed  consi. 
derably  from  each  other  in  respect  to  the  level  of  the  sea.     One  of 
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theie  is  a  well  in  Dover  Castle,  which  is  sunk  360  feet  throni^h  th» 
high  clitfof  chalk  on  which  the  castle  stands,  and  the  depth  of  th% 
well  is  nearly  eqaal  to  the  heii^ht  uf  the  clifT  from  the  sea.  The  other 
it  Kinj^V  Well  at  Sheeriiess,  which  was  sunk  330  feet  through  also 
one  entire  stratum  of  firm  day,  where  the  surface  of  the  ground  is 
only  four  feet  abore  high  water.  Supposing  therefore  the  spring  in 
Dofer  well  to  lie  lerel  with  the  sea,  the  spring  of  the  well  at  Sheer. 
nets  lies  S*l6  feet  below  it ;  a  circumstance  extremely -farourable  to 
the  ezperimc^nt.  Tho  temperature  of  the  f^prings  he  took  in  the 
following  manner.  After  fathoming  each  well  with  a  line  and 
plummet,  he  let  one  thermometer  down  to  the  bottom,  and  ^Ted 
another  on  the  line,  so  as  to  reach  to  half  the  depth  only,  keeping 
a  3d  to  take  the  temperature  of  the  air  at  the  top. 


Sept.  %,  1784.     Teuipfrature  of  the 
water  in   the    new  well  in  Dover 
Cftbtlr. 
By  the  thermometer  at  the  top.    •    56*^ 
Bydittoat  the  miilHle    ....     52 
B>  ditto  at  the  boti torn     .     .     •    48| 
Foand  the  well  360  feet  deep  with 
SI  feet  water. 


1  Oct.  «,  17S4.     Temperature  of    the 
water    in    King*«    Well  at  Sheer^ 
ness. 
By  the  thermometer  at  the  top.    .     53* 
Bj  ditto  at  the  middle      ...     51 
By  dit*o  at  the  bottom      ...    56 
Found  the  well  280  feel  deep*  witk 
180  feet  water. 


About  noon  was  the  time  of  day  when  Mr.  S.  made  the  ezperi. 
ments  at  both  places,  and  the  top  of  the  respectife  wells  rarying 
from  each  other  depended  wholly  on  the  accidental  temperature  of 
the  atmosphere  at  the  time  ;  but  that  the  thermometer  at  half  tho 
depth  of  the  well  at  DoTer  gave  nearly  the  mean  heat  of  the  top  and 
bottom,  while  that  in  a  corresponding  situation  in  the  well  at 
Sheerness  gare  it  colder  than  either  top  or  bottom,  he  attributes  to 
the  following  circumstance.  Orer  the  well  at  Sheerness  a  ma- 
chine is  erected,  which  raises  the  water  by  means  of  an  horizontal 
windmill,  working  an  endless  chain.  This  chain,  consisting  of 
jointed  double  bars,  with  a  number  of  buckets  fixed  at  certain  dis- 
lances  from  each  other,  continually  descending  into,  and  ascending 
0Ot  of  the  water,  to  an  elevation  of  8  or  9  feet  abore  the  top  of  the 
well,  may  be  supposed  to  reduce  the  water  as  far  as  it  reaches  to  tho 
mean  temperature  of  the  air  above;  and  thus  he  found  it;  for  51* 
bad  been  the  mean  temperature  of  the  air  near  the  sea.shore  for  se. 
Teral  days  before.     At  the  bottom  of  the  well,  near  to  which  the 

•  The  sand  brouj^ht  up  from  the  bottom  of  the  well,  by  the  force  of  the  spring, 
hm  reduced  it  to  iu  present  depth.— Orig. 
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chaTn  ne?er  descends,  be  found  the  temperature  56*";  tbore  7* 

warmer  than  that  at  Do?er  well. 

The  water  at  the  bottom  of  these  wells  is,  he  presumes,  too  deep 

beneath  the  surface  of  the  earth  e? er  to  be  affected  by  the  tempera* 

ture  of  the  atmosphere ;  for  if  the  heat  of  the  summer  could  hare 

had  any  infiaence  on  either  of  them,  that  at  Dover  must  hare  been 

most  considerably  affected  by  it,  especially  in  the  month  of  Sep. 

tember;  and  the  air  was  something  warmer  when  the  experiment 

was  made  at  Dover  than  at  Sheerness.     From  the  nature  of  the  diC 

(•rent  kinds  of  strata  in  which  these  wells  are  dug^  had  they  been 

in  all  other  circumstances  the  same,  one  might  reasonably  expect 

to  find  the  warmer  spring  in  the  chalk,  and  the  colder  In  the 

clay;  but  here  the  reverse  is  seen,  without  any  apparent  local 

cause,  except  the  different  elevations  of  the  springs  in  respect  to 

the  level  of  the  sea. 

IPhiL  Trans.  Mr.  1784» 

SECTION    III. 

Variation  of  Heat  in  Counirie$  best  knoxon^  or  that  are  most 

exposed  to  it. 

AcconniNG  to  Cotte's  General  Aphorisms,  there  is  little  varia- 
tion of  heat  between  the  tropics :  it  becomes  greater  on  plains 
than  on  hills  :  it  is  never  so  low  near  the  sea  as  in  inland  parts  : 
the  wind  has  no  effect  on  it ;  its  maximum  and  minimum  are  about 
six  weeks  after  the  solstices :  it  varies  more  in  summer  than  in 
winter :  It  is  least  a  little  before  sunrise  :  its  maxima  in  the  sun 
and  shade  are  seldom  on  the  same  day  :  it  decreases  more  rapidly 
in  the  autumn  than  it  increases  in  summer.  A  cold  winter  does 
not  forbode  a  hot  summer. 

Kirwan  says,  that  the  mean  heat  at  the  sea  is  84"* — 53  (sine 
lat.)%  From  this  we  must  deduct  for  elevation,  l^  for  each  800  feet 
that  we  ascend  perpendicularly,  where  the  declivity  is  about  6  feet 
per  mile;  where  7  feet,  V  for  600  feet;  where  13  feet,  for  500  ; 
where  15  or  more,  1^  for  400.  For  the  distance  from  the  sea, 
we  mast  add  r  for  earh  50  miles,  between  10*  and  20^  latitude ; 
between  SS**  and  30*,  V  for  100  miles  :  between  30*  and  35%  we 
must  deduct  V  for  400  miles  ;  between  35"  and  70*  for  150.  It 
seldom  freezes  in  latitude  below  35%  and  seldom  hails  beyond  60"; 
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bfiwetn  these  limits  it  generally  (haws  when  the  sun*s  altitude  it 
abore  40%  The  greatest  cold  is  usually  half  an  hour  before  saa^ 
rise ;  tiie  greatest  beat  at  the  equator  about  one  o'clock  ;  further 
Borth  it  is  later:  in  latitude  SO"*  about  half  past  two.  in  latitude 
abore  48**  Joly  is  warmer  than  August :  in  lower  latitudes  colder*. 
At  Petersburgh  the  greatest  summer  heat  is  usually  79%  In  every 
habitable  climate  there  is  a  heat  of  60°  or  more^  for  at  least  two 
months* 

According  to  Cavallo,  the  greatest  heat  of  the  day  in  July  ia 
belbre  two  o'clock;  according  to  others,  about  half  way  between 
noon  and  sunset. 

Found  the  springs  at  Kingston  in  Jamaica,  about  80° ;  after  « 
ftBtie  ascent  of  two  miles,  70"";  cold  spring,  nearly  1400  yards 
abo^  the  sea,  was  6U°;  the  Tariation  is  Pfor  230  feet.  The 
eitremesat  Kingston  were  60  and  91°:  the  usual  height  in  the 
cold  season  from  7(f  to  7Ti  in  the  hot  from  86"  to  90^  At 
Brighthelmstone  the  heat  of  a  well  was  50° ;  at  Bromley,  in  No« 
Tember,  49{  ;  and  the  mean  between  the  heat  of  London,  at  sun- 
rise and  at  two  o'clock,  is  about  49^.2.  Kirwtn  gires  &V  for 
the  mean  heat  of  London.  The  wells  at  New  York  vary  from 
54*  to  56'. 

From  the  observations  of  the  Royal  Society,  the  mean  tempe. 
rature  in  lx>ndon  is  50°  b>\  varying  in  different  years  from  48°  to 
53*:  the  mean  of  the  greatest  cold  and  greatest  heat  is  50°  or  49°. 

The  mean  of  the  greatest  cold  and  heat  at  Paris  is  54°.5.  Ac^ 
cording  to  Cotte  the  mean  temperature  is  9^°  Reanm.  or  53°«4 
Fahr.  In  the  summers  of  1753,  1765,  and  1793}  the  heat  in 
France  was  104°  Fahr. 

The  mean  temperature  at  Columbo  is  79°. 5  ;  the  utmost  varia* 
tion  13^ 

In  Senegal  Lalande  mentions  a  heat  of  1 13°. 

Rosier  IV.  82,  gives  an  account  of  a  heat  at  34}°  Reaum.  or 
100  Fahr.  at  Pekin  that  was  fatal  to  more  than  10,000  persons. 

In  the  Asiatic  Mirror,  Mag.  for  1789,  we  have  a  statement  of 
the  heat  at  Cawnpore  from  April  7  to  May  6.  For  tweflty.on^ 
days  (from  April  U  to  May  6,)  the  metfu  heat  without  doors  at 
2  P.M.  was  127°  Fahr.— the  greatest  heat,  April  18,  144°.  The 
moan  heat  at  night  behind  a  tattee  or  wet  mat,  was  93°;  the  mean 
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beat  at  two  o^clock  was  79%  being  at  that  time  48""  lower  than  in 
the  open  air. 

The  following  Table  and  remarks  on  the  heat  of  the  diflcrent 
leasons  in  India,  is  of  two  much  consequence  tu  be  abridged.  The 
observations  were  made  at  Allahabad,  b}'  Sir  Robert  Barker,  in 
17t)7»  and  was  communicated  to  tbe  Royal  Society  in  1775. 

The  greatest  part  of  the  observations  at  Allahabad  were  made 
vithin  doors ;  sev«.Tal  were  made  within  a  t«  nt  placed  under  the 
shade  of  trees,  some  in  the  open  air  in  the  sun,  and  some  in  the 
open  air  in  the  shade ;  but  there  is  no  regular  series  of  obserra. 
lions  in  any  one  place  ;  nor  were  they  made  at  stated  times  of  the 
day.  Though  a  thermometer  kept  within  doors  is  but  a  very  tndif* 
ferent  measure  of  the  heat  of  any  climate  ;  yet  as  1  have  not  seen 
rnuy  thermometrical  observations  made  in  that  country,  except  m  few 
during  the  heats  of  the  bu 111 mer,  and  printed  in  the  Philos.  Trans, 
vol.  Ivii,  p.  218,  I  have  set  down  the  greatest  and  least  heights 
met  with  in  each  month. 


January 
FebmafT 
March 
April 


Least. 

Great. 

Least. 

Great. 

58 

72 

May 

72 

101 

60 

84 

June 

81 

99 

6s» 

94 

July 

81 

90 

19 

96 

August 

80 

86 

September 
October 
November 
I  Dec  ember 


Least. 


78 
78 
52 
51 


Great 


8S 
87 
86 
64 


From  the  3d  of  May  to  the  4th  of  June  inclusi^e^  a  thermo- 
meter placed  within  a  tent,  under  (he  shade  of  trees,  was  almost 
erery  day  above  100%  and  sereral  times  above  109",  once  at  lit*. 
The  trees  under  which  the  tent  was  placed,  formed  a  very  thick 
shade ;  so  that  probably  these  heights  are  more  likely  to  fall  short 
of  the  true  heat  of  the  open  air  at  that  time,  than  to  exceed  it» 
The  least  height  he  met  with  of  the  thermometer  in  the  open  air  in 
the  shade,  is  42*"^  which  it  was  at  twice  in  the  month  of  January, 
at  7  A.  M.  The  greatest  heat  is  on  June  9th,  at  noon,  when  It 
was  at  114%  the  sky  cloudy;  the  thermometer  within  doors  at  the 
same  time  95%  which  is  1  vss  than  it  had  frequently  been  in  the 
month  of  May  ;  so  that  it  seems  likely,  that  the  heat  of  the  open 
air  in  May  had  frequently  been  above  1 14".  During  the  voyage  to 
England,  the  thermometer  was  placed  in  the  round-house,  and 
was  observed  regularly  at  eight  in  the  morning,  at  noon,  and  at 
three  in  the  afternoon ;  the  winds  and  weather  are  also  set  down. 
The  roundohoase  is  one  of  the  uppermost  row  of  cabins,  and  I9 


tK  COUNTK1ES  BEST  KNOWN.  77 

mliDBrd  llic  roolrit  and  most  niry  part  of  llie  ship.  From  Pe. 
bniry  13  to  April?,  bi-twet'n  Madras  and  (he  soiilherii  (ropic, 
Ihr  thrrmorarler  was  cunstantljr  bi;twrpn  77°  and  86°,  «iid  very 
itldom  tiKcer  than  SO*.  Frim  ttial  lo  Aiiril  S).  lat.  34°  IS',  about 
13'  E.  of  the  Cifte  of  Gnai  Hope,  between  70  itnd  Sir.  Thcnc« 
la  M»y  50,  it  St.  lifknti,  bMween  (i;-  and  72".  Thvnce  to 
Kof9!t  S,  in  Int.  45'  I4'  N,  between  71"  and  fiO"  ;  and  thence  to 
August  IS.  in  the  British  Channel,  between  61"  and  70'.  At  land 
it  b  well  known  ihit  the  heal  is  u'lmlly  ton^idtrrably  greater  in 
the  niildle  of  ihf  Oar.  than  in  the  morning  or  night  ;  but  it  ■]}. 
pearl  from  three  nbserTnilons,  that  in  the  open  sea,  there  is 
x-aro-ly  anr  M'n<ible  diirerettce;  for  in  selllpd  vealher,  the  d if. 
ferenrc  between  the  ditTerent  times  of  the  day  wa*  ranly  mors 
Ihin  1°,  ofteni-r  none  ot  nil.  In  unsettled  weather  there  was  fre- 
quently a  (lifTrrenre  of  2",  sometimes  4",  scarcely  ever  more  ;  bat 
thm  there  ieems  no  connection  between  this  ditl'erence  and  the 
limf>  of  the  day,  it  being  a^  often  colder  in  the  middle  of  the  dar 
than  in  (br  mornini;  or  efrnini;,  as  warmer.  Thrre  is  added  s 
rrgiittr  of  the  thermometer,  in  llie  soldiers'  barracks  at  Allahabad, 
un  Jun*  8,  1760,  when  from  ten  in  the  morning  to  eight  in  tha 
aftetnoon  it  i^Iood  coMtantly  above  100",  in  the  hottest  part  of  the 
day  at  107%  and  during  the  whole  night  between  09°  and  0S\ 

We  shall  throw  a  more  general  gia.nce  oter  a  few  other  parts  of 
the  world,  where  also  the  hpst  is  frequently  felt  with  a  tery  op- 
press i*i>  force. 

It  ia  Biniotti  unneceisary  to  observe,  after  what  we  hare  re> 
marked  already,  thjit  in  the  levels  or  mean  elerations  of  tro. 
tural  n-giont,  ica  and  snow  are  unknown,  so  th.it  the  native* 
wanld  as  joon  expect  that  marble  should  melt  and  flow  in  liquid 
■treaoit,  as  that  water,  by  free'^inp,  should  lose  its  fluidity,  and 
be  nmvcrted  info  a  solid  body.  To  talk  to  them  of  rain  or  vapour 
coDTerted  lato  snow  or  hail,  woold  «acite  their  ridicule  instead  of 
obtaining  their  belief. 

EsTrr.  Thii  country,  being  situated  between  two  range*  ef 
Donntain),  and  having  a  ^andy  soil,  is  in  summer  very  hot,  and 
even  in  winter  a  considerable  degree  of  heat  is  felt  toward  the 
middle  of  the  day,  though  the  nights  and  mornings  are  then  very 
cold.     Tbc  Mverity  of  winter  i*  felt  about  the  beginning  of  P«. 
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Arabia.  The  countries  so  called,  in  their  full  extent,  are 
computed  to  be  thirteen  hundred  miles  in  leni^th,  and  turelre  li«it. 
dred  in  breadth  where  broadest:  the  most  soatherly  part  lies  in  12* 
S(/,  and  the  most  northerly  in  3T  north  latitude.  It  conststt  of 
three  grand  diTisions  :  Arabia  Felix,  or  the  Happy,  which  is  the 
most  southern,  and  the  largest  part ;  Arabia  Deserta,  or  the  De^ 
•ert,  which  stretches  to  the  north;  and  Arabia  Petraea,  or  the 
Stony,  which  lies  on  the  north-west,  and  is  by  far  the  smallest  of 
the  three  diTisions.  That  part  of  Arabia  which  lies  within  the  tropic 
is  excessively  hot,  aod  in  many  places  unhealthy,  particularly  those 
parts  which  are  situated  on  the  coast  of  (he  Red  Sea.  The  winds 
are  also  hot  and  suffocating,  and  the  sands  not  only  extremely  troii* 
blesome  but  dangerous,  they  being  sometimes  driven  by  the  winds 
in  such  prodigious  clouds  (hat  whole  caravans  have  been  buried  and 
lost  by  a  single  storm.  The  southern  part  of  Arabia,  distinguished 
by  the  name  of  the  ^^  Happy «"  would  be  considered  as  having 
little  claim  to  that  title,  by  a  stranger  traversing  its  shores,  bat 
should  such  an  one  be  placed  in  its  middle  regions,  beneath  the 
balm.dropping  woods,  and  amidst  the  verdant  vales,  where  the 
fruits  of  every  climate  court  the  taste,  and  the  breezes  of  Cassia 
refresh  the  senses,  he  would  acknowU-dge  that  the  ancients  very 
justly  l)estowed  on  the  country  that  emphatical  appellation.  The 
Desert  part  of  Arabia  with  equal  propriety  bears  that  name,  the 
joil  consisting  of  barren  sand.  ^^  In  the  dreary  waste  of  Arabia,'' 
says  Mr. Gibbon,  ^^  a  boundless  level  of  sand  is  intersected  by 
aharp  and  naked  mountains,  and  the  face  of  the  desert,  without 
shade  or  shelter,  is  scorched  by  the  direct  and  intense  rays  of 
a  vertical  sun.*'  There  are,  however,  large  flocks  of  sheep  and 
herds  of  cattle  near  the  Euphrates,  where  the  soil  is  good; 
there  are  also  great  numbers  of  ostriches  in  the  desert,  and  in 
several  places  a  fine  breed  of  camels.  Arabia  Petnea  b  also 
rendered  famous  on  account  of  the  wanderings  of  ^ the  children  of 
Israel  there  during  forty  years.  ^^  People  are  not  there  enter- 
taioed,"  says  Dr.  Shaw,  ^*  with  a  view  of  pastures  covered  with 
flocks,  or  vallies  enriched  with  corn.  There  are  no  olive«yards 
or  vine-yards,  but  the  whole  is  a  desolate,  lonesome  wilderness^ 
only  diversified  by  sandy  plains,  mountains  of  naked  rocks,  and 
sandy  precipices.    This  desolate  country  ii^  never  refreshed  with 
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nin,  except  lomptimei  at  the  ec|iiino]t«8  ;  and  the  tw  hardy  vc- 
fclables  seen  in  the  clefts  of  the  barrf  ii  rocks,  or  wililly  dispi-rspil 
«n  the  sanJy  plains,  are  shriinlL  by  a  perpetual  ilrou^hl;  fur  lh« 
dewi  of  the  night  are  in  a  manner  reniii^rcd  insulTicient  for  Itm 
pnrpows  of  TPgetaliun,  by  the  scorching  heal  of  the  sun  daring  tlie 
day.  The  inttnEe  cold  of  the  one,  and  the  heal  of  iKl'  olhrr, 
clMrly  acconnt  for  the  wise  proTi^lon  of  Profidence  in  spreading 
orer  the  Israelites  a  cloud  to  be  a  covering  by  day,  and  a  tire  to 
gi re  light  [and  p«rhaps  heatj  io  the  night  Sfason.'' 

Though  the  land  appears  so  desolate,  yet  the  surface  of  the  Ited 
Sm,  when  calm,  discovers,  in  some  places,  inch  a  direriity  of 
marine  v^etablet,  (hat  tht-y  resemble  a  forest  under  water ;  and 
its  ihorcs  display  a  great  rariety  of  hisr  lishes,  urchins,  and  Ggh. 
ibeils  of  graat  Tariety  of  beauty :  buc  in  passing  orer  the  deserCl 
th«  (nveller  is  much  annoyed  by  swarms  of  locusts  and  bornetl, 
and  U  likewbe  in  danger  from  riper^,  but  Che  reptiles  of  the  lizard 
kind,  from  the  variety  of  their  shapes  and  spotted  skins,  he  viewi 
.  with  more  pleasure  and  safety.  "  Wbilsl  liitelling,"  says  the 
learned  and  judicious  author  above  quoted,  ''  the  heavens  were 
erety  night  our  only  eovring,  a  carpet  spread  on  !('■-  sand  was  our 
bed,  and  a  change  of  raiment,  made  up  into  a  bundl",  served  for 
■  pillow.  Oar  caoitls  (for  hors'^s  and  mules  require  too  much 
water  to  be  employed  in  these  deserts)  lay  round  us  in  a  circle, 
witk  their  faces  looking  from  us,  wliil<  tbdr  loads  and  saddles  were 
placed  by  us  behind  them.  In  this  situaiiou  they  sericd  as  guards 
and  ceotinels;  for  they  are  walcUful  animaU,  and  awake  at  the 
least  noise." 

In  proceeding  through  these  long  and  dreary  deserts,  uo  re. 
frnhment  is  to  be  procured,  except  water  from  springs  which  are 
mnetimes  met  with  in  the  course  of  four  or  five  days  progress,  so 
thftt,  previous  to  setting  out,  every  necessary  must  be  provided  for 
the  tedious  and  dangerous  journey  ;  for  which  purpose  a  number 
oT goats' skins  are  oblaiued,  which  are  Sited  with  water  as  oflin 
n  it  cau  be  found  ;  balls  made  up  of  the  flour  of  beans  or  barlof 
Ue  the  food  for  the  caiuc-ls,  nhilsl  wheat  flour,  biscuit,  putted 
Aeah,  honey,  oil,  vinegar,  olivis,  and  such  other  articles  as  will 
keep,  form  the  cBmnon  articlt-s  for  the  travellers  themselves. 
They  take  with  them  tlso  wooden  dishes,  and  a  copper  pot,  for 
their  kitchen  furniture.     When  obliged  lo  boil  or  bike,  they  make 


L 


80  VARIATION  OP  HEAT 

use  of  caraePs  dung,  which  they  find  scattered  on  their  way,  and 
which  the  camels  of  some  preceding  caravan  had  let  fall ;  this, 
when  exposed  a  day  or  two  in  the  sun»  catches  fire  like  touch- 
wood, and  burns  as  bright  as  charcoal.  No  sooner  is  the  food 
prepared,  whether  pot'ed  flesh  boiled  with  rice,  lentil  soup,  or  nn« 
lean  ned  cakes,  serv«  d  up  with  oil  or  honey,  than  one  of  the  Arabs^ 
placing  himself  on  the  highest  station  he  can  find,  calls  out  three 
times  with  a  loud  Toice,  to  invite  all  his  brethren,  the  sons  of  the 
faithFul,  to  come  and  partake  of  it,  though  none  of  them  are  per- 
haps within  an  hundr<  d  miles  of  him.  This  custom  the  Arabs 
constantly  observe,  as  a  token  of  their  benevolence. 

In  these  deserts  the  sky  is  generally  clear,  the  winds  blow 
briskly  in  the  day,  and  cease  In  the  night.  Sandy  and  level  spots 
are  as  fit  for  astronomical  observations  as  the  sea,  which  they  nearly 
resemble.  *'  It  was  surprising  to  observe,"  says  the  writer  above 
quoted,  ^^  in  what  an  extraordinary  manner  ewery  object  seemed 
to  be  magnified,  for  a  shrub  appeared  as  big  as  a  tree,  and  a  flock 
of  achbobbas  (birds  nearly  resembling  the  stork)  might  be  rais- 
taken  for  a  caravan  of  camels/'  This  seeming  collection  of  waters 
always  advances  about  a  quarter  of  a  mile  before  the  travellers, 
while  the  intermediate  space  appears  of  one  continued  glow,  from 
the  quivering  undulating  motion  of  that  quick  succes6ion  of  ezha* 
lations  raised  by  the  powerful  influence  of  the  sun.  The  violeot 
heat  draws  up  even  the  moisture  from  the  carcases  of  the  camels 
and  other  animals,  which,  having  died,  lie  exposed  in  these  deserts, 
and  prevents  their  putrefaction,  in  consequence  of  which  they 
continue  there  several  years,  moisture  being  one  of  the  most  active 
accessaries  in  the  putrefactive  process.  To  the  same  cause,  added 
to  the  coldness  of  the  nights,  may  be  attributed  the  plentiful  dews 
that  frequently  wet  travellers  to  the  skin  ;  but  the  sun  no  sooner 
rises,  and  the  air  becomes  heated,  than  the  mists  are  dispersed,  and 
the  moisture  of  the  sands  are  exhaled. 

What  is  called  ^'  the  Desert  of  Sinai,"  is  a  beautiful  plain  near 
n]ne  miles  long,  and  above  three  in  breadth  ;  it  lies  to  the  north. 
east,  but  to  the  southward  is  closed  by  some  of  the  lower  eminences 
of  the  mountain  of  this  name,  while  other  parts  of  the  rooantaiM 
make  such  encroachments  upon  the  plain  as  to  divide  it  in  two, 
each  portion  so  capacious  as  to  be  suflicient  to  receive  the  whole 
camp  of  the  Israelites.     That  which  lies  to  the  eastward  of  the 
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Hoaot  is  perhaps  the  desert  of  Sinai,  pro]^eTly  so  olleil,  where 
Ho4t9  saiT  the  Mgel  of  (he  f^rd  in  a  hurafni;  buih  Ofer  the 
place  where  trsdition  hu  fixed  this  divine  appearance  (o  have  been 
made,  is  erected  a  conrenl,  dedicated  (o  St.  Catherine,  which 
iwlonf  s  la  the  Greeks  ;  it  is  three  hundred  feet  square,  ami  sbure 
hrtj  id  height.  On  the  spot  where  they  suppose  the  horning  hash 
to  hare  stood,  ii  a  litUe  chapel,  where  the  monks,  in  imitation  of 
MosAS,  pot  off  their  shoes  whenever  they  enter  it,  Tliis,  with 
wme  other  chapels,  dedicated  to  particular  saints,  is  included 
irithin  the  church  of  theTran9Gguralion,alarge  and  beautiful  struc- 
lare,  itipporled  by  two  raws  of  marble  columns. 

In  that  part  of  Arabia  Petrxa  which  geographers  have  di«tin> 
(olsbed  by  the  name  of  the  "  Desert  of  Tadmore,  or  Palmyrene," 
fi>rmerly  stood  the  magnilicent  city  of  Palmyra.  It  was  slluat^'d  in 
iboutaS*  N.latitudejtwohundred  miles  to  the  soulh.cattofAleppo. 
The  heat  is  here  also  intense,  and  frequently  intolerable. 

Z&a&RA,orZAARA.  The  proper  use  to  be  drawn  from  a  surrey 
of  the  burning,  barren  and  Inhospitable  parts  of  the  globe,  is  to  teach 
as  to  pri2e  oar  own  fruitful  and  temperate  climate,  which  supplies 
the  body  with  wholesome  aliment,  gratifies  (he  senses  by  the  exhibi- 
tion of  pleading  objects,  and  furnishes  (he  best  opportunities  to  the 
mental  powers  of  man  for  the  acquisition  of  useful  knowledge, 
unidst  the  rich  stores  of  science  and  philosophy.  Whca  perusing 
Ike  accounls  uf  IraTellers  who  hare  endured  such  hardships  and 
fatigues  as  to  men  habituated  to  the  regular  nnd  quiet  walks  of  life 
would  be  deemed  insupportable,  whilst  their  sufferings  tend  to  In. 
teresl  our  feelings,  a  co  o  s  clou  sues  s  of  our  own  security  should 
iacolcate  content  and  self-satisfaction. 

Tha»  parts  of  the  continent  of  Africa  which  lie  under  the  tropic 
«tCincer.  and  in  some  places  extend  (en  degrees  to  the  south  of 
it,  are  sandy  and  desert  as  far  as  from  the  Atlantic  Ocean  on  (he 
west,  to  about  the  twenty.Gfth  degree  of  east  longitude.  I'hey 
comprehend  a  »i>ace  of  more  than  fifteen  hundred  mites  from  east 
to  west,  and  sometimes  run  sia  hundred  miles  from  north  to  south. 
This  large  tract  of  land  is  dividpd  by  the  natires,  who  ar<>  Arabians^ 
iaio  three  general  ditisions,  Ciipel,  Zaara,  and  Asgir,  which  sig. 
niFy  the  sandy,  stony,  and  tnurstiy  deserts;  but  Eurupfun  geo. 
graphers  hsTe  partitioned  'h''  country  into  seven  provinces,  which 
■re  named  Zanaga,  Zueoiiga,  Twarga  or  llayr,  LetnpU  or  Iguidi, 
BardM,  Boraou,  and  Gauga. 
toi..  IT.  <; 
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Travelling  is  here  eitremely  fatiguing  and  dangeroai,  esper.ialljr 
if  the  summer  proTe  dry,  scarcely  a  drop  of  water  being  to  be  seen 
for  thirty  leagues  together  ;    and  when  any  is  found,  it  is  so 
brackish,  as  to  be  equally  unwholesome  and  unpalatable.     Nor  do 
the  cattle  feed  better ;  the  barren  earth  not  yielding  so  much  as  a 
blade  of  grass,  or  any  thing  for  their  sustenance,  which  obliges  tlie 
passengers  to  carry  not  only  proTtsions  for  themselves,  but  for  their 
beasts  of  bnrden.     Besides,  (he  country  being  flat  and  sandy,  with* 
out  mountains,  rivers,  woods,  lakes,  or  any  other  object  to  direct 
their  course,  it  would  be  impossible  to  avoid  losing  their  way,  were 
it  not  for  the  flight  of  certain  birds,   who  are  observed  to  go  and 
return  at  stated  periods.     Travellers  are  also  guided  by  the  course 
of  the  sun  by  day,  and  of  the  stars  by  night ;  and  the  latter  is  ge« 
nerally  the  time  of  travelling  here,  as  well  as  in  the  deserts  of 
Arabia*     All  the  parts  of  these  immense  deserts  are  not  equally 
inhospitable,  some  being  inhabited  by  different  tribes  of  Arabs; 
but  the  province  or  desert  of  Zuenzina  is  peculiarly  dry  and  bar* 
ren,  and  it  has  been  asserted,  that  of  large  caravans  which  pass 
through  this  country^  seldom  one-half  of  the  aggregate  which  set 
out,  either  of  men  or  beast,  ever  return,  numbers  of  them  dying 
by  thirst,  hunger,  fatigue^  or  perishing  under  the  whirlwinds  of 
sand  which  frequently  overwhelm  them.     Through  the  no  less 
dreary  and  dangerous  desert  of  Lemta,  caravans  pass  from  Coo. 
stantia,  and  other  towns  of  Algiers  and  Tunis,  to  Nigritia,  or 
Negroland,  though  equally  in  danger  of  perishing  by  thirst,  hon. 
ger,  and  the  sword.     The  most  extraordinary  journies  are  those 
of  the  akkabaahs,  or  accumulated  caravans,  from  Morocco  to  Tom* 
boctoo,  consisting  often  of  not  less  than  seven  hundred  camels. 
Here  the  heat  is  intense,  the  sand  drives  in  surges,  and  the  shumah 
or  burning  wind  carries  death  with  every  blast. 

Western  Coast  of  Africa.  The  countries  on  this  co^st  to 
which  Europeans  chiefly  resort  for  the  purposes  of  commerce,  and 
at  which  they  procure  ivory,  gold  dust,  Guinea.pepper,  and  slaves, 
are  extremely  hot  and  unhealthy.  They  lie  southward  of  the 
great  river  Senegal,  in  latitude  16*"  N.  and  extend  quite  to  the  line; 
the  most  considerable  of  which  is  Guinea.  Here  the  periodical 
rains  overflow  the  level  part  of  the  country,  which  add  greatly  to 
its  unwholesoroeness.  It  has  frequently  happened  that  European 
ships  have  lost  one.half  of  their  crews  by  fevers,  whilst  lying  ia 
this  situation ;  but  by  providing  better  medical  assutance  on  board 
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the  ships,  104  applying  tbe  most  effectual  remedii^;,  the  derutationt 
uf  this  suUiy  nod  ptsliferous  dimati:  hare  been  greally  Ipsstned. 
TiemciidDus  storms  of  Lhundcr  and  lightning  occur  often  on  the  coa^t, 
inil  it  ii  not  uncuDimon  for  European  seamen,  when  espoiKd  to  the 
full  forc«  of  the  lightning,  to  be  struck  with  iDslant  blindness  bj 

Tb«  island  of  St.  Tiiohc,  or  St.  Thomas,  is  somewliHt  of  a 
raoad  figure,  aud  sbout  one  hundred  iind  tttenty  lULles  in  circum> 
ftKDce  ;  it  is  situated  directly  under  the  t-qualor,  and  is  between 
fvrty  aud  tif'y  leagues  to  the  irestward  of  the  continent  of  Africa. 
Tbe  beat  and  moisture  of  the  air  here  render  the  itilnud  extremely 
unbe^tby  lo  Europeans,  yet  the  negroes  and  mulattos  who  inhabit 
i:  are  said  to  possi'ss  a  good  share  of  health,  aud  frequently  lire  t^ 
lu  adiaacvd  age. 

Thosa  countries  which  lie  on  the  north  of  the  line  are  much  more 
iuteti)(;)y  hot,  and,  on  account  of  the  periodical  rains  which  fall, 
much  more  uiiheallhy,  than  the  countries  on  (he  south  of  it  in  ihe 
iuu<  degree  of  latitude  ;  such  as  Loango,  Congo,  and  Angola, 
which  arv  jomewhat  defended  by  eminences. 

The  siaaU  itliind  of  Tihiin,  situated  in  15°  8'  N.  latitude,  and 
N6°  </ W.  longitude,  is  one  of  that  cluster  of  ishinds  called  hy 
Ma^lltui,  whu  discovered  them,  the  Liidronen^  and  since  the 
Marian  hlandi :  its  extent  from  east  lo  neit  is  about  twelve 
niUs,  but  ftom  north  to  south  it  is  little  more  than  six.  This  sroat  1 
ipol  hai  been  celebrated  for  its  extraordinary  beauty  and  ftrtilily, 
ind  the  very  seasonable  and  effectual  relief  which  It  afforded  to 
Commodore  Anson's  people,  on  board  the  Centurion,  when  on  the 
jioint  of  perishing.  Although  at  present  uninhabited,  the  remains 
of  pyramidical  pillars,  and  ulher  ruins,  fully  erince  that  it  was  once 
>cry  populous.  The  Spaniards  bad  a  settlement  upon  it  for  a  con- 
uilcrabtt  time,  which  had  not  been  long  removed  when  the  Cenlu- 
liuD  touched  here. 

Although  Ihe  account  which  is  giien  by  tbe  very  able  writer  of 
l^rd  AoBon's  voyage,  represents   this  spot  as  possessing  all  the    * 
tbnns  of  au  earthly  paradise,  yet  (he  island  does  not  seem  to  have 

I  Unequally  propitious  to  Commodore  Byron  and  bis  crew,  who 
lonched  at  it  July  31,  1765  ;  for  although  such  as  were  languishing 
■ith  the  scurvy  were  soon  recovered  when  n-mored  on  shore,  yet 
■IW  wera  seijed  with  fevers,  of  which  two  died  ;  the  rains  were 
'>2 
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very  violent,  and  almost  perpetual ;  whilst,  to  increase  their  dig* 
tress,  the  heat  was  so  intense  that  the  thermometer  on  board  the 
ship  generallj  stood  at  86**,  which  is  only  twelve  degrees  below  the 
heat  of  the  blood  in  the  human  body.     The  sun  was  then  almott 
vertical.     The  fishes   which  were  caught  on  the  coast  were  poi- 
sonous, and  much  disordered  all  who  ate  of  them^     The  excessive 
heat  caused  whatever  provision  they  killed  to  turn  green,  and  to 
swarm  with  maggots  in  less  than  an  hour  after,  and  if  a  method  had 
not  been  devised  of  snaring  the  wild  hogs,  and  so  procuring  them 
alive,  their  subsistence  would  have  been  very  scantily  dealt  oot,  bat 
by  this  contrivance  they  were  well  stocked  with  fresh  provistont : 
some  of  these  wild  hogs  weighed  two  hundred  pounds,  and  many 
were  sent  on  board  to  furnish  provisions  in  the  prosecution  of  the 
voyage.     Byron  asserted^  that  he  never  felt  such  heat  either  on  Che 
coast  of  Guinea,   in  the  West  Indies,  or  upon  the  island  of  St. 
Thomas.     So  great  a  difference  does  a  month  seem  to  make  in  the 
condition  of  this  island  ;  for  the  Centurion  arrived  at  the  end  of 
August,  1743,  and  in  September,   1767,  Captain  Wallis,  in  the 
Dolphin,  put  in  here  for  refreshments,  and  continued  near  a  month, 
during  which  time  he  found  every  necessary  accommodation,   and 
apparently  without  the   inconveniences  of  heat  and  rain.     Bat 
although  the  difference  of  season  might  materially  affect  the  state 
of  the  weather,  yet  it  cannot  be  supposed  to  occasion  so  lery  ma- 
terial an  alteration  ;  there   is,  therefore,  another  cause  to  be  as« 
signed,  and  which  may  be  considered  as  8uf!^cient  to  acquit  either 
narrator  of  exaggeration  in  his  description.     For  if  it  be  consi- 
dered that  the  Spaniards  had  for  many  years  cultivated  this  spot 
when  the  Centurion  arrived  there,  and  that  it  had  been  totally 
neglected  from  that  time  to  the  arrival  of  Byron  in  the  Dolphin, 
the  state  of  the  atmosphere  must  necessarily  have  been  very  much 
changed  by  the  wild  luxuriance  of  nature  in  the  course  of  so  many 
years. 

Batavia,  the  emporium  of  the  Dutch  in  the  East  Indies,  is  one 
of  the  hottest  and  most  unhealthy  spots  on  the  globe.  The  island  of 
Java,  on  which  this  city  is  situated,  lies  in  latitude  from  5*^  SCX  to  8*S* 
The  unhealthiness  of  the  place  is  increased  by  the  number  of  canals 
which  have  been  cut  for  the  purpose  of  receiving  merchandise,  the 
sides  of  which  are  planted  with  trees^  that,  whilst  the  stagnant  w«* 


rN  COCNTKIES   BEST  KNOWN. 

ten  serre  to  riise  the  noxious  rapuurs,  prevent  Ibe  dUpersion  or 
the  Tapours  by  obstrncting  the  free  circulation  of  air. 

In  dry  weather  t  most  liorrlbie  stench  arises  from  these  canals, 
ud  when  Hie  rains  have  so  Eirelled  them  that  they  ovetdow  Iheir 
bank;,  the  grouad.Ooors  of  tl)e  bouses  in  Ihe  lower  part  of  Ibe 
town  ai-e  filled  witli  slinking  water,  which  leaves  behind  it  dirt  and 
ilime  in  prodigious  quantities.  The  iuhabilanls  sometimes  clean 
Ibcir  canals,  but  tbis  busiocss  is  perforineil  in  such  a  manner  as 
tcttaly  to  make  then  less  a  nuisance  (ban  before,  for  Ihe  black 
mad  being  raked  from  the  bottom,  is  left  on  the  aides,  till  hard 
tfkoagb  to  be  taken  away  in  boats  ;  and  as  Iberc  are  no  bouses  Np- 
proptiated  for  necessary  retirement  in  th«  whole  town,  (he  lillh  is 
thrown  into  Ihe  canals  regularly  once  a  day,  which  renders  this 
mad  a  itill  further  compound  of  every  thing  affcntive  and  pufrp> 
factiTe.  Farther  to  contaminate  the  air,  Ihe  fence  of  every  field 
and  garden  is  a  ditch,  and  interspersed  among  the  cultivated 
grounds  are  many  filthy  fens,  bogs,  and  morasses,  as  well  fresh 
•sulL  Al  the  distance  of  about  forty  miles  inland,  there  are  hills 
of  s  considerable  height,  "  where,  ss  we  were  informed,'*  says 
Captain  Cook,  "  the  air  is  healthy,  and  comparatively  cuol>"  The 
same  titnalion  and  circumstances  which  render  Batavia  and  the 
coantfy  round  it  unwholesome,  render  it  the  best  garden  ground 
in  the  world  ;  the  soil  is  fruitful  beyond  imagination,  and  the  con- 
venience* and  laiuries  of  life  which  it  produces  are  almost  without 
nnmber.  The  insalubrity  of  this  climate  is  in  part  atlribuled  lo 
the  bad  quality  of  the  water,  therefore  those  who  can  afford  it  drink 
DOtbing  but  Seltzer  water,  which  till  of  late  they  had  from  Holland 
■t  B  Tast  expense. 

The  city  of  Batavia,  till  it  lately  yielded  to  British  prowess,  was 
gramlly  supposed  lo  be  impregnable  :  for  the  roads  by  which 
heafy  artillery  roust  be  brought  against  the  town  might,  it  was 
conceived,  be  eaeily  destroyed,  and,  says  Captain  Cook,  "  if  an 
raemy  be  only  stopped  a  short  lime  in  bis  approach,  he  is  ellec. 
mlly  faaSed,  for  the  climate  will  destroy  him  without  Ihe  use  of 
uj  implemeuts  of  war.  We  were  informed,"  continues  he, 
'*  thai  it  was  a  very  uncomraou  thing  for  fifty  sohicre  to  be  alive 
■t  the  expiration  of  Ihe  first  year,  out  of  an  hundred  brought  from 
Europe,  and  if  ona  half  survived,  not  ten  of  those  were  likely  lu 
h*  fnad  in  bcalth." 
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The  maliguity  of  the  air  in  that  part  of  Asia  is  not  confined  to 
the  island  of  Jaia,  but  pervades  the  whole  Archipelago  south  of 
the  equator,  of  which  it  is  a  part.  When  the  ships  were  returning 
home  on  the  third  voyage  undertaken  by  Captain  Cook,  they  no 
sooner  ent*>red  the  straits  of  Banca  than  the  men  began  to  ezpe* 
rience  the  powerful  effects  of  that  pestilential  climate.  Two  of  the 
people  on  board  the  Discovery  fell  dangerously  ill  of  malignant  pu- 
trid fevers,  which,  however,  were  prevented  from  spreading  by 
putting  the  patients  -  apart  from  the  rest,  in  the  most  airy  births: 
many  were  attacked  with  teazing  coughs,  others  complained  of 
violent  pains  in  the  hrad,  and  even  the  most  healthy  felt  a  sensa- 
tion of  suffocating  heat,  together  with  an  insuperable  languor,  and 
total  loss  of  appetite. 

[Horneman,  Jackson.  Cook, 


CHAP,  xxxvir. 

DEGREES     AND     EFFHCTS    OF     SEVERE     COLD    IN     HIGH 
LATITUDES,     OR     WHERE     IT    HAS    BEEN    MINUTELY 
ATTENDED  TO. 


SECTION  I. 

Cold  of  the  South  Polar  Regions, 

W  E  have  observed  in  a  preceding  chapter,  that  high  southern 
latitudes  are  visited  with  a  severer  degree  of  cold  than  equal  lati- 
tudes towards  the  north  pole,  and  have  pointed  out  the  probable 
cause.  Yet,  whatever  the  cause  may  be,  the  difference  is  very 
great;  thus  Glasgow,  in  Scotland,  is  situated  just  about  the  same 
northern  latitude  as  Cape  Horn  is  in  the  southern,  whilst  the  win. 
ters  in  the  first  are  attended  with  a  less  degree  of  cold  than  many 
summer  days  in  the  latter.  The  island  of  Terra  del  Fuego,  al. 
though  never  visited  hy  £uro|>ean  navigators  but  in  the  sammer 
months,  is  described  as  among  the  most  dreary  and  desolate  spots 
of  the  habitable  earthy  and  the  few  inhabitants  upon  it  as  the  most 
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,  miienbleaaddcstilQleor  the  hnman  race.  The  snfferiDgs  wliicb 
Mr  Joscpb  Baoks,  Dr.  SoUader,  and  their  company  tmilured,  when 
mtwrked  with  Captain  Cook  on  hoard  the  Endeavuuf,  on  thiv 
mat,  Brar  Strait  le  Maire,  iu  Januar;  1768,  nhich  is  the  height 
ff  laomer  in  thtt  benispfaere,  answering  to  July  iii  the  northern, 
prore  Ibe  changrablenrss  of  tin-  tri'alhcr,  and  seventy  of  the 

RiM. 

Sit  JcMpph  (then  Mr.)  Banks,  and  Dr.Solaoder,  n ere  desi rout 
ofaTBiling  themseltei  of  a  fine  dsj,  H^hich,  in  that  clitnatF,  is  vcrjr 
tve,  ercB  mt  that  time  of  the  vear,  to  explore  a  country  which  had 
oncf  been  lisiled  by  any  botanist.  For  this  purpose,  they  went 
n  shore  early  in  the  moinini:,  being  twelve  In  company.  Thty 
prcMMly  found  great  and  unexpected  impediments  in  fhi  ir  pro. 
ptVy  by  deep  Bwain[)s  and  thick  underwood,  so  that  it  was  tbrer 
o'clock  in  the  afterooon  before  they  coutd  ascend  a  mouiUain  of 
moderate  height ;  when  suddenly  ihc  air,  which  had  beeu  till  then 
wrene  and  mild,  became  cold  and  piercing,  and  snow  L>egia  to 
fill;  not  withstanding  which,  (hey  proceeded,  iu  expectation  of 
leaching  the  rocky  part  of  the  hlM,  (hat  lay  before  ihem  at  a  small 
distance.  Their  perscTerance,  indeed,  wai  rewarded  by  ihdr finding 
1  rartefy  of  nndescribed  pUnlE  ;  but  the  day,  howetcr,  was  now  so 
fir  fpent  tint  it  was  impossible  to  return  to  the  ship  that  night ; 
vhile  the  cold  had  by  this  time  become  very  IntcnBe,  and  such  large 
quantities  of  snow  bad  fallen,  that  Ibe  mott  dreary  protpect  pre- 
fmtad  itself.  Whilst  tbey  were  proceeding  in  search  of  (he  nearest 
uUey,  Dr.  Solander,  who  was  well  acquainted  with  (he  tOects  of 
iiilcn^  cold,  bufing  passed  orer  the  mountains  that  divide  Swedea 
and  Norway,  represented  to  the  company  the  necessity  they  wer« 
■nder  of  continuing  in  motion,  bowcver  they  might  feel  themselves 
attacked  by  a  lassitude  and  sluggishness  ;  and  assured  them,  that 
wboeferut  dawn  would  steep,  and  vihoviei  slept  would  wake  nu 

They  had  not  proceeded  far  before  (he  effects  apprehended  began 
to  be  felt,  and  be,  who  had  thus  cautioned  others,  iri«  the  first  to 
declare  bimielf  unable  to  obscrre  his  own  precept ;  at  length,  orer- 
cume  by  a  stupor,  he  threw  himself  on  the  ground,  allhongb  it  wu 
cohered  with  snow.  A  black  servant  of  Mr.  Itanks,  named  Kiclwi' 
■Bond,  uext  yielded  to  this  futal  propensity.  In  this  distress,  liv« 
at  &K  company  were  tent  forward  to  make  a  6re  M  the  first  con* . 
*■  4 
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Tenieot  place  they  coold  find,  whilst  the  rest  contiaaed  with  the 
doctor^  making  use  of  everj  means  to  keep  bim  awake.  The  poor 
negro  was  so  OTercome  with  fatigue,  that  being  told  he  mast  keep 
in  motion  or  he  would  be  frozen  to  death,  replied  that  he  desired 
odIj  to  lie  down  and  die.  At  length  all  the  endearonrs  of  the 
company  became  ineffectual ;  their  whole  strength  was  not  saflB* 
cient  to  carry  their  two  exhausted  companions,  so  that  they  were 
suffered  to  sit  down,  and  in  a  short  time  they  fell  into  a  profound 
sleep.  In  a  few  minutes  afterwards,  news  was  brought  that  a  fire 
was  kindled  at  the  distance  of  about  a  quarter  of  a  mile.  Dr.  So< 
lander  was  then  waked  with  great  difficulty  ;  but  during  his  short 
sleep,  his  muscles  were  become  so  contracted,  that  his  shoes  feU  off 
bis  feet,  and  he  had  almost  lost  the  use  of  his  limbs ;  but  all  at- 
tempts to  wake  the  senrant  were  ineffectual :  two  men,  who  teemed 
to  haye  suffered  the  least  by  the  cold,  were  left  to  look  after  him| 
and  in  a  short  time,  two  others  were  sent  to  their  relief;  one  of  (he 
former  rejoinc'd  the  company,  but  the  other  was  quite  insensible ; 
their  companions,  therefore,  made  them  a  bed  of  boughs,  and  spread 
the  same  coTering  over  them  to  a  considerable  height,  and  in  that 
situation  left  them  to  their  fate. 

The  company  passed  the  remainder  of  the  night  in  a  dreadful 
situation,  round  the  fire.  They  supposed  themselves  at  a  great 
distance  from  the  ship,  their  way  stretched  through  a  trackless 
wood,  and  th^y  were  unprovided  with  refreshments,  their  only 
pruTif  ions  being  a  vulture,  which  they  had  shot  in  the  course  ef 
their  journey.  Nor  did  the  dawn  of  day  remove  their  apprehen* 
sions ;  for  at  I  he  approach  of  light  nothing  presented  itself  to  their 
view  but  a  dreary  expanse  of  snow.  It  was  not  till  six  o'clock  ia 
the  rooming  that  th*  y  could  discover  the  place  of  the  sun  through 
the  clouds,  which  then  began  to  disperse.  With  foreboding  ap« 
prehensions  they  went  in  search  of  poor  Richmond  and  the  other 
man,  whom  they  found  quite  dead  ;  a  dog,  which  belonged  to  out 
of  them,  was,  however,  still  alive  and  standing  clos^  by  his  master's 
•corpse,  which  he  unwillingly  left  to  follow  the  company.  Tlie 
luirdy  nature  of  this  animal  enabled  him  to  brave  the  severity  af 
the  weather,  and  he  was  for  several  years  afterwards  aliva  in 
England. 

About  eight  o'clock  the  snow  began  to  melt,  and  tha  eompanj 
determined  npon  aetthig  forward*    Their  hunger  by  this  time  be* 
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came  OQtrageous ;  haTin^,  therefore,  skinned  their  Tultare,  thej 
dlTided  it  into  ten  parts,  eTery  man  dressing  his  own  share  for 
himself.  This  scanty  meal,  which  only  furnished  each  person  with 
a  few  mouthfuls,  being  finished,  they  quitted  the  fire.side  about  tea 
o'clock,  and,  no  less  unexpectedly  than  joyfully,  reached  the  beach 
where  the  ship  lay  in  about  three  hours ;  for  upon  gracing  their 
advances  toward  the  hill  the  day  before,  they  found,  that,  instead 
of  ascending  in  a  direct  line,  they  had  almost  gone  round  it.  How 
much  is  the  world  indebted  to  men  of  science,  who  will  brare  all 
the  dangers  of  the  most  inhospitable  climes  to  enlarge  the  stores  of 
haman  knowledge  ! 

The  next  voyage  which  Captain  Cook  conducted  was  that  in 
which  he  a  second  time  circumnavigated  the  globe.  The  principal 
object  of  it  was  to  explore  the  high  southern  latitudes,  and  to  as. 
certain  with  precision  how  far  it  was  possible  to  penetrate  toward  the 
sooth  pole.  For  this  purpose  two  ships  were  fitted  out,  the  Resolu. 
tion  and  Adventure  ;  of  the  latter,  Captain  Furneaux  had  the  com- 
mand. In  perusing  the  account  of  this  most  important  enterprize, 
coriosity  and  astonishment  are  ever  on  the  wing  whilst  following  the 
daring  course  of  British  mariners  over  a  watery  expanse  which  no 
keel  bad  ever  cut  before,  and  which  may  perhaps  never  again  be 
traversed  through  all  the  periods  of  recording  time.  The  learned 
reader  may  therefore  feel  himself  inclined  to  exclaim  with  Horace— 

lili  robur^  et  ms  triplex 

Circa  pectus  erat,  qui  fragilem  truci 
Commislt  pelago  ratem 

Primus,  &c« 

Or  oak,  or  brass  with  triple  fold 
Mast  have  mortar^  daririf^  brea.«t  enrolPd, 

Who  first  to  Ocean's  barbarous  rage 
LauDch'd  the  frail  bark.  Francis. 

Roggewein,  a  Dutch  navigator  of  considerable  note,  had  sailed 
so  far  to  the  southward  as  to  approach  very  near  to  the  Antarctic 
circle,  but  Captain  Cook  proceeded  beyond  it,  and  penetrated  near 
five  degrees  farther  toward  the  south  pole.  Indeed,  during  the 
Toyage  he  three  times  passed  the  Antarctic :  the  first  time  was  in 
the  year  1773,  in  longitude  39°  35^  C.  when  he  proceeded  to  67^ 
Zif  S.  the  second  and  third  times  were  in  the  year  1773  and  1774^ 
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he  then  crossed  it  in  147^  46'  west  longitude  (£)ecember  20th)  aod 
proceeded  to  abont  132^  and  afterwards  in  109^  31'  W.  (January 
26th,  1774.) 

In  this  third  attempt  to  proceed  southward,  on  the  25th  of  Ja. 
nuary,  the  mildest  suoshine  was  enjoyed  that  had  perhaps  eyer  been 
experienced  in  the  frigid  zone,  which  led  Captain  Cook  to  enter* 
tain  hopes  of  penetrating  as  far  toward  the  south  pole  as  other  na« 
Tigators  had  done  towards  (he  north  pole  ;  but  the  next  day,  about 
four  in  the  morning,  his  officers  discovered  a  solid  ice-field  of  im- 
mense extent  before  them,  which  bore  from  east  to  west.     A  bed 
of  fragments  floated  all  round  this  field,  which  seemed  to  be  raised 
several  feet  high  above  the  level  of  the  water.     Whilst  in  this  situ* 
ation^  the  southern  part  of  the  horizon  was  illuminated  by  the  rayg 
of  light  reflected  from  the  ice,  to  a  considerable  height.     Ninety- 
seven  Ice  islands  were  distinctly  seen  within  the  field,  beside  those 
on  the  outside ;  many  of  them  very  large,  and  looking  like  a  ridge 
of  mountains,  rising  one  above  another  till  they  were  lost  in  the 
clouds.     The  outer,  or  northern  edge,  of  this  immense  field,  was 
composed  of  loose  or  broken  ice  close  packed  together,  so  that  it 
was  not  possible  for  any  thing  to  enter  it.     Such  mountains  of  ict 
as  these.  Captain  Cook  believed  were  never  seen  in  the  Greenland 
seas,  so  that  no  comparison  can  be  drawn  between  the  ice  here  and 
there;  and  it  was  the  opiuion  of  most  on  board,  that  this  ice  ex- 
tended quite  to  the  pole,  (o  which  they  were  then  within  less  than 
nineteen  degrees  ;  or  perhaps  joined  to  some  land  to  which  It  had 
been  fixed  from  the  earliest  time ;  and  that  it  is  to  the  south  of  this 
parallel  that  all  the  ice  is  formed,  which  is  found  scattered  up  and 
down  to  the  northward,  and  afterward  broken  ofl^by  gales  of  wind, 
or  other  causes,  and  brought  forward  by  the  currents  which  were 
always  found  to  set  in  that  direction  in  high  latitudes.     Some  pen- 
guins were  beard  even  here,  but  none  seen,  and  few  other  birds,  or 
any  thing  that  could  lead  to  a  supposition  that  there  was  any  land 
near:  however,  Captain  Cook  conceived  that  there  must  be  land  to 
the  south  behind  this  ice.     ^^  But  if  there  is,"  says  he,  ^<  it  can 
afibrd  no  better  retreat  for  birds,  or  any  other  animals,  than  the  ice 
itself,  with  which  it  must  be  wholly  covered  :  I,  who  was  ambi. 
tlous,  not  only  of  going  farther  than  any  one  had  been  before,  but 
as  far  as  it  was  possible  for  man  to  go,  was  not  sorry  at  meeting 
with  Ihis  interruption ;  as  it  in  some  measure  relieved  us,  at  least 
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shortened  tiie  dangers  and  hardships  inseparable  from  the  naTigatioa 
of  the  toothem  polar  regions,  ^ce  therefore  we  could  not  pro. 
ceed  farther  to  the  sonth,  no  other  reason  need  be  assigned  for  my 
ticking  and  standing  back  to  the  north,  being  at  thb  time  in  the 
latitnde  of  Tl''  K/  tonth,  Umgitude  106"^  54'  west  ;'*  which  was 
the  nearest  approximatioa  to  tbe  pole  daring  the  whole  Tojage. 

After  baring  thns  fully  explored  those  appaling  regions  be  lade 
ao  eternal  farewell  to  the  southern  frigid  aone,  crotang  tbe 
Antarctic  at  1 01^  west  longitude. 

On  Christmas  day  1T73,  the  Midsummer  in  tbose  parts,  tbejr 
were  in  about  58^  spnth,  and  Captain  Cook  made  tbb  remark  ia 
his  journal.  **  Although  this  was  tbe  middle  of  summer  wkb  ns, 
I  much  question  if  the  day  was  colder  in  any  part  of  ^^£**^^ 
During  their  whole  summer  continoifice  in  tbose  latitodes,  ^kej 
had  no  thaw,  for  the  mercury  in  Fahreabnt's  tbermometer  kept 
generally  below  the  freezing  point. 

Wbflst  in  tbe  frigid  zone,  they  bad  scarcely  any  ^gbl,  so  tbat 
witbin  a  few  minutes  of  midn^ht,  tbe  ligbt  of  tbe  sma  m 
to  write  or  read  by.      The  snn*s  stay  lielow  Ae  homam 
short  tbat  a  dear  twilight  oontinned  all  tbe  time  of  his 
ing. 

In  tbe  first  attempt  to  penetrate  sontbward.  Captain  C^ook 
one  hundred  and  seventeen  dMji  witboni  a  sizht  of  laivd^  aad  in 
his  second,  be  was  one  hundred  and  Ibnr  in  Ae  same  utmaiiom^ 


Bcatiag  fw  jojloi  momiks  the  gl<M«y  vxvr ; 
and  doomed  all  that  time  to  explore 

TbriOiiif  reguMH  of  tkick>ribbr4  ice. 

And  blown  vidi  rcstles  Tiolesce  round  abom 

Tbo^ndant  world. 

It  miglrt  bare  been  snpposed,  tbat  tbe  bafdfbipf  and  daog^rf 
which  bad  been  endured,  togetber  with  tbe  iaiportant  c^v^rrspbical 
knowledge  which  had  been  acquired,  would  bav«  iod«€#4  tkM 
great  navigator,  now  tbtt  be  bad  quitted  tk^*  Sontb  fM,  to  rM 
from  bis  labours,  and  to  seek  bb  native  country  by  tht  me^  direct 
rout.  But,  like  Cesar,  thinking  nothing  done  wbiiit  any  thing 
remained  undone,  be  was  stiD  intent  on  further  recearrbes,  nmd 
resolved  to  traverse  tbe  Atftanlic  Ocean,  between  tbe  SOth  mmd 
6otb  degrees  of  latitude,  from  tbe  meridiaB  of  Cape  Horn  to  tku 
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of  the  Cape  of  Good  Hope,  in  which  he  spent  upward  of  three 
months.  That  the  officers  and  men  quietly  acquiesced  in  this  far. 
ther  extension  of  their  toils  and  perils,  depriyed  of  the  two  essen- 
tials to  the  enjoyment  of  life,  nourishing  food  and  human  inter, 
course  ;  that  amidst  the  chaotic  scenes  which  yet  detained  them,  a 
general  spirit  of  discontent,  and  a  strong  propensity  to  mutiny^ 
did  not  prerail,  prove  their  great  leader  to  have  possessed  that 
eleration  of  mind  and  insinuating  manner,  which  effectually  con. 
trouled  the  most  boisterous  spirits,  and  make  the  heaviest  and  the 
longest  sufferings  supportable,  merely  by  having  such  a  man  to 
partake  in  them,  and  cheerfully  to  undergo  them. 

In  the  cruise  of  1775,  a  large  island  was  discovered  which  oar 
navigator  named  Southern  Georgia.  It  lies  between  53°  57'  and 
54""  t7'  south  latitude,  38""  13'  and  35""  34'  west  longitude,  and  is 
described  as  a  country  the  most  savage  and  horrible ;  not  a  tree 
nor  eren  a  shrub  was  to  be  seen;  th«  while  rocks  raised  their 
lofty  summits  till  they  were  lost  in  the  clouds,  and  valleys  lay 
covered  with  snow.  Seals  and  sea  bears  were  numerous,  and  a 
sea  lion  was  shot.  The  seals  and  penguins  killed  here  were  Tery 
acceptable  food  to  the  whole  crew ;  for  any  kind  of  fresh  meat 
was  eagerly  coveted.  <*  For  my  own  part,"  says  Captain  Cooky 
^^  I  was  now,  for  the  first  time,  heartily  tired  of  salt  meat  of  every 
kind  ;  and  though  the  flesh  of  the  penguins  could  scarcely  vie  with 
bullock's  liver,  it  being  fresh  was  sufficient  to  make  it  go  down.*' 
Even  the  climate  of  Tiera  del  Fuego,  though  lying  more  to  the 
southward,  is  mild,  with  fespect  to  that  of  Georgia ;  the  diflPer- 
ence  in  the  thermometer  being  observed  to  be  at  least  10  degrees. 
Beside  being  uninhabitable,  South  Georgia  does  not  appear  to 
contain  a  single  article  for  which  it  might  be  visited  occasionally 
by  European  ships.  Not  a  river  or  stream  of  fresh  water  was 
seen  on  the  whole  coast. 

Captain  Cook  left  the  southern  part  of  this  island  on  the  36th 
of  January,  and  steered  east.touth.east  until  he  arrived  in  60*  lat 
further  than  which  he  did  not  intend  to  go,  vnless  he  observed 
sOme  certain  signs  of  meeting  with  land.  These  high  southern  la- 
titudes, where  nothing  was  to  be  found  but  ice  and  thick  fogs,  had 
at  length  tired  even  this  persevering  chieftain  himself.  Many  on 
board  were  at  this  time  afflicted  with  severe  rheumatic  pains  and 
colds,  and  some  were  suddenly  taken  with  fainting  fits,  since  their 
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unwholesome  jnicelesi  food  could  not  supply  the  waste  of  animal 
spiritf.  As  the  ship  was  now  proceeding  northward,  the  hope  of 
fooD  remching  a  milder  climate  diffused  a  general  satisfaction  ;  but 
another  frozeo  coontr)  rose  to  their  view,  and  threatened  to  re- 
Urd  the  accomplishment  of  their  wishes.  The  discovery  of  this 
liod  was  made  on  the  31st  of  January,  at  seven  in  the  morning. 
Captaio  Cook  gave  the  name  of  Sandwich.Land  to  this  discovery, 
which  may  possibly  be  the  northern  point  of  a  continent ;  for  he  is 
of  opinion  that  there  is  a  track  of  land  near  the  pole,  which  is  the 
source  of  most  of  the  ice  that  is  spread  over  this  vast  Southern 
Ocean.  He  likewise  thinks  it  extends  farthest  to  the  north  oppo- 
site the  southern  Atlantic  and  Indian  Oceans,  because  ice  was 
always  found  more  toward  the  north  in  those  seas  than  any  where 
else ;  which  he  imagines  could  not  be,  if  there  was  not  land  of 
considerable  extent  to  the  south  ;  but  the  risque  that  is  run  in  ex- 
ploring a  coast  in  these  unknown  and  icy  seas  is  so  very  great, 
that  he  concludes,  on  the  best  grounds,  that  no  man  will  ever 
ventore  farther  than  he  has  done  ;  and  that  the  lands  which  may 
lie  to  the  south  will  never  be  explored.  Thick  fogs,  snows, 
storms,  intense  cold,  and  every  other  thing  that  can  render  navi- 
gation dangerous,  must  be  encountered,  and  these  difficulties  are 
greatly  heightened  by  the  inexpressibly  horrid  aspect  of  the  country ; 
a  coantry  doomed  by  nature  never  once  to  feel  the  warmth  of  the 
tan's  rays,  but  to  lie  buried  in  everlasting  snow  and  ice.  The  ports 
which  may  be  on  the  coast  are  in  a  manner  wholly  filled  up  with 
frozen  snow  of  vast  thickness  ;  and  if  any  be  so  far  open  as  to 
invite  a  ship  in  it,  she  would  run  a  risque  of  being  fixed  there  for 
ever,  or  of  coming  out  in  an  ice.island.  The  islands  and  floats  oa 
the  coast,  the  great  falls  from  the  ice.cliffs  in  the  port,  or  a 
heavy  snow-storm,  attended  with  a  sharp  frost,  would  be  equally 
fata).  The  most  southern  extremity  that  was  seen  vras  called 
Southern  ThuUy  and  lies  in  latitude  dQ""  3(/  south,  longitude 
27^  aC  west.  The  whole  country  had  the  most  desolate  and  hor- 
rid appearance  imaginable  ;  not  a  single  blade  of  grass  coul^  be 
discerned  upon  it,  and  it  seemed  to  be  forsaken  even  by  the  am. 
phibions  and  lumpish  animals  which  dwell  on  South  Georgia.  It 
remains  very  doubtful  whether  the  different  projecting  points  form 
one  connected  land,  or  several  distinct  islands  ;  and  this  may 
probably  continue  undetermined  for  ages,  since  an  expedition  to 
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those  iohospitable  parts  of  the  world,  beside  being  extremely  pe« 
riloos,  does  not  seem  likely  to  be  productive  of  great  adrantages 
to  mankind.  Prudence  would  not  permit  the  commander  to  Ten* 
tore  near  a  coast  subject  to  thick  fogs,  where  there  was  no  an- 
chorage, and  every  part  was  blocked  and  filled  up  with  ice,  and 
the  whole  country,  from  the  summits  of  the  mountains  down  to 
the  very  brink  of  the  clif!s  which  terminate  the  coast,  was  coTered 
two  fathom  thick  with  everlasting  snow. 

ThronM  in  his  palace  of  cemlean  ice. 

Here  Winter  holds  his  unrejoicing  court ; 

And  thro*  his  airy  hall  the  loud  misrule 

Of  drivini;  tempest  is  for  ever  heard : 

Here  the  grim  tyrant  meditates  bis  wrath ; 

Here  arms  his  winds  with  all-subduing  frost  : 

Moalds  his  fierce  hail,  and  treasures  up  his  snows. 

^^  It  would  have  been  rashness  in  me,"  says  Captain  Cook, 
(C  to  have  risked  all  that  had  been  done  during  the  voyage  in  dis- 
covering and  exploring  a  coast,  which,  when  discovered  and  ex- 
plored, would  have  answered  no  end  whatever,  or  have  been  of 
the  least  use  to  navigation  or  geography,  or  indeed  to  any  other 
science." 

It  had  long  been  a  prevailing  opinion  among  the  learned  that  a 
large  continent  existed  in  the  Southern  hemisphere,  of  which 
New  Holland^  a  country  which  had  been  visited  and  named  by 
Tasman,  a  Dutch  navigator,  was  supposed  to  be  a  part.  This 
imaginary  continent  was  generally  styled  Terra  Australit  incog, 
nita^  but  such  an  idea  is  now  entirely  refuted,  for  the  panegyrist 
of  Captain  Cook  justly  remarks,  that  "  this  voyage  will  immor. 
talize  the  conductor  of  it ;  in  it  vast  tracts  of  new  coast  were  not 
only  discovered  but  surveyed,  the  illusion  of  a  Terra  Australis 
incognita  was  dispelled,  whilst  the  bounds  of  the  habitable  earth  as 
well  as  those  of  the  navigable  ocean  in  the  southern  hemisphere 
were  fixed." 

IHawkesicorthf  Forster^  Pringle. 
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lee  Jitamdi,  and  lufferiitgi  of  Lieutenant  Kiau  and  hit  Creie, 
M  Ike  Gi»ardian  Frigate,  b^  tirihittg  agniml  an  Itland  of 
IkiM  kind. 


Amoks  tha  nuoj*  interesting  (liecoTeries  wliich  tbis  Toj'age  re. 
nsled  tu  the  world,  ti\e  vast  isl&nda  of  flnaling  ice  which  nbauiid 
in  th*  southern  latilades  may  be  considered  as  peculiarly  worthy 
of  notice.  The  first  of  these  was  met  with  od  the  loth  of  Decem- 
ber, 1773,  tu  latitude  iO"  40'  south,  ll  waa  about  Af(y  feet  high, 
and  half  a  mile  in  circuit,  flat  at  (op,  while  Ita  sides  rose  in  a 
perpend icH tar  direction,  against  ffhich  the  lea  farolte  eiceed> 
iiiitly  high. 

In  (he  afternoon  of  the  lame  day,  they  sailed  near  another 
Urge  eahrca]  mass,  which  was  about  2000  feet  long,  400  feet 
broad,  and  at  least  as  high  again  as  the  main  lop  gallanl-roast  head, 
or  1<M  feet.  According  to  the  eipcriments  of  Buyle,  and  Mairan, 
tbe  rotonte  of  ice  is  to  that  of  sea. water  nearly  as  10  to  9;  conse. 
(jnenEly,  by  tbe  known  ruies  of  hydroslUics,  the  rolune  of  ica 
which  rises  abore  the  surface  of  the  w.iter,  is  to  that  which  sinks 
below  it  as  1  to  9.  Supposing  therefore  this  piece  to  be  entirely 
of  a  regular  figure,  its  depth  noder  water  mnst  have  been  ISOO 
feel,  attd  its  whole  height  2000  feet :  allowing  its  length  as  above 
mentioned  '2U00  feet,  and  its  breadth  4O0  feet,  the  whole  mass  must 
ba«e  conlained  itiOO  millioo^  cnbic  fiet  of  ice.  Such  is  tbe  account 
giTen  by  Mr.  Foster.  Mr.Walca,  astronomer  on  board  the  Resolu. 
lion,   who  published  "  Remarks  on  Mr.  Torster's  account  of  thii 

I  Toyage,"  Joubls  the  principles  on  which  the  calculation  is  foond- 
e<I,  MS  (lie  eiperiments  abore  referred  to  were  made  with  real, 
Milid  ■ni)  compact  ice,  whereas  the  ice  which  composed  this  mosa 
was  light  and  poroas,  being  chiefly  snow  and  salt  water-frozen  (o. 
getber,  and  bear*  not  perhaps  a  greater  proportion  to  the  weight 
of  nlUwater  than  that  of  5  to  6,  or  6  to  7  at  (he  utmost,"     On 

I  the  ISIh,  aix  more  islands  were  seen,  some  of  thew  nearly  two 
miles  in  circuit,  and  60  feet  high  ;  and  yet  such  was  the  force  and 
height  of  the  waves,  that  the  sea  broke  quite  over  them.  This  exhi- 

'       liiti-d  forafewmomeols  a  view  very  pleasing  to  the  eye,  but  s  sense 

\      otdiagerioon  filled  tb«  Bind  with  horror;  for  had  tha  thip  got 
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against  ther  weather  side  of  one  of  these  islands,  when  the  sea  ran 
high,  she  must  hare  been  dashed  to  pieces  in  a  moment.  On  the 
14th,  th«-ir  rout  to  the  southward  was  stopped  by  an  immense  field 
of  low  ice,  54  deg.  50  min.  south,  21  deg.  34  min.  east.  No  end 
could  be  seen  to  this  ice«  either  to  the  east,  west,  or  south.  la 
different  parts  of  the  field  were  islands,  or  hills  of  ice,  like  those 
that  had  been  before  found  floating  in  the  sea ;  several  on  board 
thought  they  saw  land  over  the  ice^  but  they  were  only  fog-bank8| 
which  bore  that  appearance. 

The  ships  then  changed  their  course  to  the  eastward  ;  large 
islands  of  ice  were  hourly  beheld  in  all  directions  round  the  sloops^ 
so  that  they  were  become  as  familiar  to  those  on  board  as  the 
clouds  and  the  sea.  Whenever  a  strong  reflection  of  white  wai 
8e«n  on  the  skirts  of  the  sky  near  the  horizon,  then  ice  was  sure 
to  be  met  with :  notwithstanding  which,  the  ice  itself  is  not  entirely 
white*  but  often  tinged,  especially  near  the- surface  of  the  sea^ 
with  a  most  beautiful  sapphirine,  or  rather  berylline  blue,  evi. 
dently  reflected  from  the  water.  This  blue  colour  sometimes  ap^ 
peared  90  or  30  feet  above  the  surface,  and  was  probably  produced 
by  some  particles  of  sea-water  which  had  been  dashed  against  the 
mass  in  tempestuous  weather,  and  had  penetrated  into  its  Inter* 
stices.  In  great  islands  of  ice  were  frequently  observed  shades 
or  casts  of  white,  lying  above  each  other  in  strata,  sometimes  of 
six  inches,  and  at  other  times  of  a  foot  high.  This  appearance 
seems  to  confirm  the  opinion  concerning  the  increase  and  accumo* 
lation  of  such  huge  masses,  by  heavy  falls  of  snow  at  different 
intervals:  for  snow  being  of  various  kinds,  small  grained,  large* 
grained,  in  light  feathery  locks,  8cc.  the  various  degrees  of  its 
compactness  account  for  the  difierent  colours  of  the  strata. 

Islands  of  ice  still  sarraunded  them,  and  in  the  evening  the  sun 
setting  just  behind  one  of  them,  tinged  its  edges  with  gold,  and 
brought  upon  the  whole  mass  a  beautiful  suffusion  of  purple. 
January  9,  1773*  three  boats  were  hoisted  out,  and  in  about 
£fe  or  six  hours  took  up  as  much  ice  as  yielded  fifteen  tons  of 
good  fresh*water.  The  salt-water  which  adhered  to  the  ice  was  SO 
trifling  as  not  to  be  tasted,  and  after  it  had  lain  on  deck  a  short 
time,  entirely  drained  off;  and  the  water  which  the  ice  yielded 
was  perfectly  sweet  and  well  tasted.  Part  of  this  ice  was  broken 
in  pieces^  and  put  into  casks ;  another  part  was  melted  in  the 
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copper,  and  filled  ap  the  casks  with  water;  and  some  was  kept 
on  deck  for  present  use.  This  water  had  a  purer  taste  than  any 
which  was  on  board ;  the  only  fault  it  possessed,  according  to 
Mr.  Forster,  was  that  the  fixed  air  was  expelled  from  it,  by  which 
means  almost  every  one  who  used  it  was  afflicted  with  swellings  in 
the  glands  of  the  throat.  Mr.  Wales  the  astronomer,  in  his  re« 
marks  on  Mr.  Forster's  work,  doubts  whether  water  procured 
from  ice  causes  such  soreness  and  swellings  5  and  asserts  that  dis. 
orders  of  ^ese  kinds  were  by  no  means  general  on  board  the 
Resolution.  Certain  it  is,  that  the  fixed  air  might  easily  have  been 
mcorporated  into  this  fluid,  only  by  pouring  it  from  one  vessel 
into  another,  backward  and  forward,  for  a  short  time.  Here  was 
adbcevery  made  important  to  science  ;  that  nature  forms  great 
masses  of  ice  in  the  midst  of  the  wide  ocean,  which  are  destitute 
of  any  saline  particles,  but  have  all  the  useful  and  salubrious  qua. 
lities  of  the  pure  element.  ^'  Crantz,  in  his  History  of  Greenland, 
relates,  that  the  stupendous  masses  of  ice  found  in  the  northern 
seas,  caHed  ice.islands  or  mountains,  melted  into  fresh  water; 
though  he  did  not  imagine  that  they  originated  from  the  sea,  but 
that  they  were  first  formed  in  the  great  rivers  of  the  north,  and 
being  carried  down  into  the  ocean,  were  afterwards  increased  to 
that  amazing  height  by  the  snow  that  fell  upon  them  ;  but  that  all 
frozen  sea-water  would  thaw  into  fresh,  had  either  never  been 
a«erted^  or  had  met  with  little  credit  ;  neither  did  Captain  Cook 
eipect  such  a  transmutation." 

January  SI,  they  passed  near  two  islands  of  ice  50®  50'  S.  56* 
46^  E,  one  of  which  appeared  to  be  breaking  or  falling  to  pieces, 
by  its  crackKng  noise,  which,  according  to  Captain  Cook,  was 
equal  to  the  report  of  a  four'pounder. 

The  second  time  Captain  Cook  crossed  the  antarctic  circle,  in 
longitude  147°  46^  W.  ice-islands  also  were  seen  very  high  and 
ragged,  forming  at  their  tops  many  peaks ;  while  those  which  had 
been  seen  before,  were  flat  and  not  so  high.  Many  of  die  latter 
moreover,  were  two  and  three  hundred  feet  in  height,  and  be* 
tween  two  and  three  miles  in  circuit,  with  perpendicular  cliffs  or 
fides  astonishing  to  behold. 

The  following  passages  which  occur  in  Mr.Forster's  account  of 
this  voyage  arc  too  interesting  to  be  omitted  here.  On  Christmas, 
day  the  captain  invited  the  officers  and  mates  to  dinner ;  and  one 
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of  the  lieutenants  entertained  the  petty  officers.  ^^  The  sailors 
feasted  on  a  doable  portion  of  padding,  regaling  themseWes  with 
the  brandy  of  their  allowance,  which  they  had  saved  for  this  occa- 
sion some  months  beforehand,  having  a  premeditated  solicitude  te 
get  drunk  on  that  day.  The  sight  of  an  immense  number  of  ice- 
inlands  could  not  deter  the  sailors  from  indulging  in  their  fayourite 
amusement ;  as  long  as  they  had  brandy  left,  they  would  persist 
to  keep  Christmas,  though  the  elements  had  conspired  together  for 
their  destruction.  Their  lung  acquaintance  with  a  seafaring  life^ 
had  inured  them  to  all  kinds  of  perils  ;  and  their  heavy  labour,  with 
the  inclemencies  of  the  weather,  and  other  hardships,  making  their 
muscles  rigid  and  their  nerres  obtuse,  had  communicated  insensibility 
to  their  minds.  Jan.  20,  being  in  lat.  62""  34',  longitude  IXG^W 
west,  they  were  becalmed ;  when  two  ice.islands  came  in  sight,  on* 
of  which  appeared  to  be  as  large  as  any  that  had  been  seen  ;  it  wM 
supposed  to  be  full  two  hundred  feet  in  height,  and  terminated  ini 
peak  not  unlike  the  cupola  of  St.  Paul's  church.  January  25tb| 
the  wind  increased  Tcry  much,  and  in  a  short  time  blew  a  tem- 
pestuous gale.  At  nine  o'clock  at  night  a  huge  mountainous  wave 
struck  the  ship  on  the  beam,  and  filled  the  deck  with  a  deluge  of 
water;  it  poured  into  the  cabin,  and  extinguished  the  lights,  leav* 
ing  the  gt'ntlemen  who  were  sitting  there  for  a  moment  in  doubt, 
whether  they  were  not  entirely  overwhelmed,  and  sinking  into  the 
abyss.  Indeed,  the  situation  of  those  on  board  was  at  thb  tiuM 
very  dismal.  The  ocean  about  them  wore  a  furious  aspect,  seem* 
ing,  as  it  were,  to  be  incensed  at  the  presumption  of  a  few  io* 
truding  mortals.  "  A  gloomy  melancholy,*'  says  Mr.  Forster^ 
*'  loured  on  the  brows  of  our  shipmates,  and  a  dreary  silence 
reigned  among  us.  Salt  meat,  our  constant  diet,  was  become 
loathsome  to  us  all,  even  to  those  that  had  been  bred  to  a  nautical 
life  from  their  earliest  years.  The  hour  of  dinner  was  hateful  to 
us ;  for  the  well.known  smell  of  the  victuals  had  no  sooner 
reached  us,  than  we  found  it  impossible  to  partake  of  them  with  a 
h^rty  appetite."  Thus  were  these  southern  cruisers  beset  with 
hardships  peculiarly  severe.  The  ice,  the  fog,  the  storms,  and 
ruffled  surface  of  the  sea,  composed  a  soul.sinking  scene,  which 
was  seldom  cheered  by  the  reviving  beams  of  the  sun.  «*  In' 
short,"  says  Mr.  Forster,  <<  we  rather  vegetated  than  lived;  wo 
Withered^  and  became  indi&rent  to  all  that  animates  the  soul  aC^ 
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other  tioiM ;  «e  sacriioed  oor  hemlth^  oar  feelings,  oor  enjoy, 
■eats,  to  tbe  iKHioor  of  porsainga  track  uoattempted  before." 

Wkilst  opon  tkis  sobject  we  ought  not  to  pass  over  the  sufferings 
of  lieoteoant  Rioa  and  his  crew,  in  the  Guardian  frigate,  about 
the  btitade  of  45^  sooth,  and  their  almost  miraculous  escape  from 
shipwreck  when  carried  against  a  vast  ice-island,  in  foggj  weather, 
pfOTing  more  especially  how  peculiarly  fortunate  Captain  Cook 
was  through  the  whole  course  of  his  dangerous  navigation. 

Lientenant  Uion  was  proceeding  to  the  new  settlement  at  Bo. 

tuij  Bay  with  stores  and  provisions,  having  some  convicts  on 

board.     The  force  with  which  the  ship  struck  against  a  moun* 

taiaoos  ice-island  on  Christmas  day  1789,  then  in  a  latitude  much 

to  the  northward  than  those  floating  islands  are  generally 

with,  had  rendered  her  so  leaky,  that  all  the  exertions  of  the 

oficers  and  crew  were  ineffectual  to  stop  its  increase.     When  the 

ship  was  thought  to  be  on  the  point  of  sinking,  provisions  and  ne. 

cessaries  were  providing  for  the  boats,  the  officers  and  men  in 

general  being  desirous  of  quitting  the  ship,  and  endeavouring,  by 

means  of  the  boats,  to  reach  the  nearest  shore,  which  was  more 

than  four  hundred  leagues  distant.      Lieutenant  Riou,  however, 

dadared  hb  fized  determination  to  remain  on  board  the  ship  and 

perish  with  her.     Whilst  the  horrors  of  death  were  thus  befor(>  his 

eyes,  he  remained  as  calm  and  collected  as  when  in  a  state  of  per* 

feet  security;  he  wrote  a  letter  to  the  secretary  of  the  admiralty, 

wherein  he  spoke  highly  of  the  good  conduct  both  of  the  oflkers 

ind  men  on  board,  recommended  to  the  protection  of  the  lords  of 

the  admiralty  his   sister  and  mother^  as  there  seenird   to  be  no 

possibility  of  his  remaining  many  hours  alive.     When  he   had 

iaished  this  letter  and  delivered  it  to  one  of  his  officers,  he  ord(Ted 

&€  boats  to  be  hoisted  out,  and  with  the  most  anxious  assiduity 

mperin tended  their  fitting  out.     On  board  the  launch  were  fifteeu 

persons,  who,  nine  days  after  quitting  the  ship,  when  on  the  point 

of  perishing  through  hunger,  thirst,  and  fatigue,  were  take  n  up 

by  a  French  merchant  ship  from  the  Mauritius  bound  to  tho  Cape 

of  Good  Hope.    Lieutenant  Riou,  and  that  part  of  the  crew  which 

remained  with  him  on  board  the  ship,  thus  abandoned  to  their 

&te,  did  not  surrender  themselves  to  hopeless  despair  ;  and  their 

eiertions  to  reduce  the  quantity  of  water  lu  the  ship  were  so  judi. 

donsly  directed,  that  they  at  length  proved  successful,  the  ship 

II  2 
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was  kept  afloat,  and  although  in  continual  danger  of  sinking, 
brought  into  Table  Bay  on  the  21st  of  February  1790. 

ICrantZf  Fonier,  PringUm 

SECTION  III. 

Cold  of  the  North  Polar  Regions^  as  ascertained  b^  Lori 

Mulgrave^ 

Soon  after  the  Portuguese  had  discovered  the  route  to  the  Eait 
Indies  by  doubling  the  Cape  of  Good  Hope,  an  Idea  was  fomtdl 
of  reaching  that  country,  the  productions  of  which  were  so  uoflli 
the  object  of  European  ayidity,  by  a  north  east. passage,   .  Ii^tho 
year  1527,  Robert  Thome,  a  merchant  of  Bristol,  addressed  R 
paper  to  Henry  Y III.  on  that  subject,  but  his  proposal  was  not 
attended  to.     In  the  reign  of  Queen  Elizabeth,  Sir  Hugh  WiL 
loughby  made  the  attempt  with  three  ships  in  1553.      He  pm* 
ceeded  to  the  latitude  of  75*  north,  but  being  obliged  to  winter  far 
Lapland,  he  and  all  his  company   perished  miserably.     Three. 
years  afterward  Captain  Burroughs,  afterward  comptroller  of  the^ 
nary   to  Queen  Elizabeth,  sailed  on  the  same  design,  and  ad* 
Tanced  to  78^.     To  him  succeeded  Captains  Jackman  and  Pell,  !■ 
1580,  in  two  ships  ;  the  latter  of  whom,  with  his  ship,  was  never 
heard  of.     The  Dutch  began  to  pursue  the  same  object  in  1595^ 
and  successive  voyages  were  made,  all  which  tended  rather  im 
prove  the  impracticability  of  the  scheme,  than  to  bring  forward 
any  important  discovery.     In  1607)  Henry  Hudson  was  equipped 
by  a  company  of  Loudon  merchants,  to  discover  a  passage  by  the 
North  Pole  to  Japan  and  China.      He  penetrated  to  80**  2d^,  and 
was  then  stopped  by  the  ice.     Two  years  after,  another  ship  waa* 
sent  out  by  the  Muscovy  company  of  merchants  of  London,  ia 
which  Jonas  Poole  went  master.      He  made  the  southern  part  ot 
Spitsbergen  on  the   l6th  of  May  I6O9  ;    but,  with  his  utDKMt 
endeavours,  he  could  not  advance  farther  than  79^  5(/.     In  the 
year  1614,  another  voyage  was  undertaken,  in  which  Baffin  and^ 
Fotherby  were  employed,  but  without  any  success ;   and  in  tlia> 
next  year  Fotherby,  in  a  pinnace  of  twenty  tons,  with  ten  men  | 
hut  in  this  voyage  the  ice  prevented  his  getting  further  than  in  tb/t 
last.     John  Wood,  with  a  frigate  and  a  pink,  sailed  in  1676,  bolt 
leturaed  without  effecting  aoy  thing.    Most  of  these  voyages  ^w^ 
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lag  been  fitted  oat  by  private  adyenturers,  for  the  double  purpose 

of  dfrftCOTery  and  present  adrantage,  it  was  easy  to  suppose  that 

the  attention  of  the  navigitors  had  been  diverted  from  pursuing 

the  more  remote  object  of  those  who  employed  them,  with  all  the 

earnestness  that  cuuid  have  been  wished.     ^^  But,*'  says  Captain 

Phipp^,  **  I  am  happy  in  an  opportunity  of  doing -justice  to  the 

■einorj  of  these  m^Q,  which,  without  having  traced  their  steps, 

aid  eiperienced  their  difficulties,  it  would  have  been  impossible  to 

kife  done,      Thej  appear  to  have   encountered  dangers,  which 

tt  that  period  raubt  have  been  particularly  alarming  from  their 

BOfelty,  with  the  greatest  fortitude  and  perseverance ;  as  well  as 

to  have  shewn  a  dei^ree  of  diligence  and  skill,  not  only  in  the  or- 

diury  and  practical,  but  in  the  more  scientific  parts  of  their  pro. 

icmofl,  which  might  have  done  honour  to  modern  seamen,   with 

llltbeiradvantai^es  of  later  improvements.    This,  when  compared 

with  the  accounts  given  of  the  state  of  navigation,  even  within 

thctefortv  years,  by  the  most  eminent  foreign  authors,  affords  the 

w»t  il4ttering  and  satisfactory  proof  of  the  very  early  existence  of 

that  decided  superiority  in   naval  affiirs   wnich   has  carried   the 

power  of  thb  country  to  the  height  it  has  now  attained.** 

This  great  point  of  geography  was  suffered  to  remain  without 
&rther  inrestigation,  from  the  year  1676  till  1/73,  when  the 
Eiri  of  Sandwich,  in  consequence  of  an  application  that  had  been 
mde  to  him  by  the  Royal  Society,  laid  before  the  King,  about 
thebfgianing  of  February,  a  proposal  for  an  expedition  to  try 
how  far  navigation  was  practicable  toward  the  North  I'ole;  which 
thoiofereigo  was  pleased  to  direct  should  be  immediately  under. 
tsken,  with  every  encouragement  that  could  countenance  such  an 
caterprite,  and  every  assistance  that  could  contribute  to  its  sue. 
cm,  I1ie  honourable  Constantine  John  Phipps  (late  Lord  Mul. 
grave)  was  appointed  to  conduct  the  expedition,  and  the  Race- 
hone  an. I  Carcass  bo.nbs  were  fitted  out  to  attend  upon  it ;  tho 
oOMMnd  of  the  latter  was  ^^iven  to  Captain  Lutwidge. 

Afker  passing  the  islands  of  Shetland,  the  first  land  made  was  * 
Spitsbergen. 

This  coast  lying  in  latitude  77''  5£K  1 1'%  longitude  S<*  13'  east, 
ippein  to  be  neither  habitable  nor  accesbible.  It  is  formed  of 
h^  barreo  black  rocks,  without  the  least  marks  of  vegetation ; 
Ii  mtukf  placet  iNure  and  pointed,  in  mother  parts  covered  with 

h3 
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snow^  ajipoaiinu  ovf.n  aboTC  the  ilouds.  The  val lies  between  tLt 
hii;h  <  litis  woro  fillcil  with  snow  or  ice,  "  'J'lie  prosp^cU***  lijs 
Cnptaiii  Phi[)|}S,  ^^  wouhl  have  suegosteil  tbif  i<*ea  of  perpthnl 
wintt  r,  liad  not  Ihr*  *!7i!d-if?'  i  of  the  \n-athcr,  the  smooth  walir, 
bri^lil  sun  shiii'-,  niu!  ct^nstant  day.light,  given  a  cheerful  nan  ud 
novi-lty  to  thp.  wholr  of  this  striking  and  romantic  scene.**  lb 
cnrrrnl  ran  alone:  the  coast  half  a  knot  an  hour,  north.  TIs 
h«  I^ht  of  one  mountain  seen  hero,  was  found  to  be  fifteen  hondlfd 
and  thn-i'  yards.  Close  to  the  harbour  of  Smetfrenberg  b  an 
inland,  called  yiwsfcrdam^  where  the  Dutch  used  formerlj  lo 
br)il  (h(  ir  whale  oil ;  and  the  remains  of  some  ronTeniency  encted 
by  tlirm  fur  that  purpo^^e  are  still  visible.  Once  they  attemptvdlo 
m.ikc  an  ^>'tab1i^hment  here,  and  left  some  people  to  winter,  vho 
all  p(  fished;  timui^h  (he  Dutch  ships  still  resort  to  the  place  fcr 
the  lairi-r  season  of  the  whale-fishery-  It  lies  in  79°  44^  BOHl| 
ii'^  5u'  4.V''  east. 

Captain  Phipps  broiii^ht  the  two  ships  to  latitude  80^  3i'lMlth 
wilt  ic  lire  seven  islands  surrounded  with  ice.  Captain  Lntvlfa 
of  the  Cari  M^s  and  th«'  nKi'>ter  of  the  Racehorsi*  ascended  a  Mpi^ 
tain  on  ()nr>  of  them,  from  the  summit  of  which  a  prospect  tt> 
tei din.*,  ten  or  twelve  leagues,  eastward  and  north«eafltVHd| 
prei^ented  itsdf  ;  tiie  whole  view  co^<^isted  of  one  continued  pkh 
of  >niootIi  unbruki  n  ice,  bounded  only  by  the  horizon.  Tklf 
also  saw,  stretching  to  tiie  soutluea^'t,  whnt  is  laid  dowoiftttfl 
Dutch  charts  to  be  ibiands.  The  weather  was  exceedingly  flil| 
mill!  and  clear. 

y\\\  Uraol  !<yon<:,  a  very  di>'tin^uished  botae.ist  and  astroniMMI} 
who  uent  owl  in  iho  Kiicehorse,  found  here  the  head  of  amaatif 
whidi  nothin:;  renuiincd  but  the  hones;  they  were  entire,  aid 
white  a.i  ivory  ;  a  puncture  appeared  on  the  skull,  of  a  sqMie 
form,  which  seemed  as  if  made  by  a  l.ir^e  nail.  Mr.LyoM  Vtl 
in  po*1^e^■iuu  of  this  curiosity  at  the  lime  of  his  death,  which  too 
cLi:;rr  a  pursuit  of  knowledge  brou:;ht  on  in  I  he  prime  of  Ilfe|  to 
the  -real  n^ret  of  his  numerous  liitrary  fiiinds. 

'!  he  \\M\s\  r(ni:nkal}le  v:ews  which  these  dn'ary  reiiions  pretflO^ 
are  whnt  are  callid  IcehiT^s,  (IccJiills)^  con^i>i  int;  of  large  bodlll 
of  iic,  fdlir'^  X\\v  vallies  between  the  hii;h  niuuiitainb.  Their  Ihb 
toward  the  s.a  is  neatly  perpendicular,  and  of  a  \ery  lively  ligK 
^TO'-n  colour.     One  was  about   titid.-  hundred  feet  high^  with  a 
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which  lies  on  the  north-west  side  of  Spitsbergen.  In  prosecuting; 
this  Toyagc,  the  most  northern  point  of  latitude  which  they 
reached  was  81"^  3(i',  and  between  the  latitudes  of  79**  60"  and  81% 
they  traversed  17j^  of  longitude;  being  from  2**  east,  to  19°  30 

east. 

The  following  are  some  of  the  most  curious  obserrations  made 
during  the  voyage : 

On  the  19th  of  June,  by  a  meridian  observation  at  mldnight| 
the  sun's  lower  limb  0  deg.  37  min.  30  sec.  above  the  horizon, 
latitude  66'*  54'  39''  north,  longitude  0  deg.  58'  45"  west.  In  la- 
titude 67* 35'  Captain  Pliipps  sounded  with  a  very  heavy  lead 
the  d' pth  of  seven  hunc'rrd  and  eighty  fathoms  without  getting 
ground  ;  and  by  a  thermometer,  invented  by  Lord  Charles  Ca« 
yeiidlsh  for  the-  pur(>o>e,  found  the  temperature  of  the  water  at 
that  depth,  to  be  26  deg.  of  Fahrenheit,  the  temperature  of  the 
air  be.'nii  4-S  deg«  and  a  half.  June  24,  in  latitude  73"*  40'  a  fire 
was  'iv.>.!e  in  the  cabin  for  the  tirst  time.  On  the  first  of  July  it 
was*  tound  ^o  warm,  that  they  sat  without  a  fire  in  latitude  7B°  IS' 
36".  In  ?:>"  c/  50",  at  four  in  the  morning,  J^ord  Charles  Ca- 
vendishVi  theimometer  wa<;  31,  that  of  the  air  40  and  a  half.  At 
two  in  the  afternoon,  at  116  fathoms,  the  water  was  33  deg. at 
the  i:urui'*'  40  deg.  and  in  the  air  44  deg.  and  three  quarters. — 
Julv  id.  the  greatest  hi>';:Itt  of  the  ihermpmeter  was  58  deg.  and  a 
huli,  ateltv»:ii  in  the  lorenoon,  and  at  miJnight  57  deg.  in  lati- 
tud.'  7vi°  50'  l.)i^ituJe,  lOo  2'  30"  east.  On  the  IQlh  of  Augast, 
at  elt'ven  in  tiie  e\enin£:,  an  appearance  of  dusk  was  observed  at 
Smef.tnLerg.  On  the  24th  ot  September,  stars  became  visibly 
^*  1  h^'  sight  of  a  star/*  says  captaiit  I'hipps,  ^^  was  now  become 
alnie^t  as  jreat  a  phenomenon  :k6  the  sun  at  midnight  had  been  two 
monilis  beiore,  when  we  firbt  got  within  the  Arctic  circle.  The  sky 
was  in  crneral  loaded  with  hard  white  clouds,  insomuch  that  theson 
and  horizon  were  never  entirely  free  from  them,  even  in  the  clearest 
weather." 

Whilst  upon  this  subject  we  may  observe  that  the  first  Venetians 
wtio  explored  the  northern  extremity  of  the  European  continent^ 
were  btruck  with  the  greatest  astonishment  at  the  continual  ap. 
pear^nce  ot  the  sun  above  the  horizon,  and  relate  that  they  could 
only  distinguish  day  from  night  by  the  instinct  of  the  sea-fowl, 
which  went  to  roost  on  shore  for  the  space  of  four  hours.  Pietro 
Quirino  sailed  in  April  1431,  and  in  January  1432  he  was  ship* 
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wrecked  under  Ihu  polar  circle.  A  bright  appearancf  n<>.ir  the 
borisoB  «rua|ira)S  a  lit^rald  to  tigniry  the  npproach  of  ic?  ;  and 
thia  Ibe  pilots  called  the  blink  of  the  ice.  Thu  unie  appearance 
wu  noticed  on  Captain  Couk's  voyage  toward  the  south  pole  in 
ir73  aDtl  I7T-I.  Dr.  Irving  tried  the  sped  lie  gravity-  of  ice  on 
iKwnl  the  KccehorM-.  A  piece  of  li.e  roost  dense  cold  ice  he 
uutil  6-».\  bviag  immcrsfd  in  i^now  wai^r,  i  her  mo  meter  3i  Aeg. 
14  tifteonlh  parts  intik  under  the  surface  tif  the  wnter.  In  brandy, 
jut  prouf,  it  barely  fluuted  ;  in  reciiiii^d  Spirit  of  wine,  it  fell  to  the 
battom  at  once,  and  dtuolved  immediulely. 

The  abnie  eKpedilion  haring  fuiVed  in  the  grand  object  it  wai 
dttignt-ii  to  cfTect,  the  Ilo'iunrable  Uaines  Barringtoo,  who  pro- 
poMd  it  to  lb«  council  of  (he  Kuyal  Socii-ly.  hy  which  it  wes  re- 
coaimeniled  to  the  board  of  Admirally,  in  order  to  froe  himself 
(roa  the  impntalion  of  hating  planned  an  undertaking  nhich  wns 
utterly  impracticable,  from  the  solid  bud^  of  ice  which  is  ever  met 
wilk  there,  read  a.  papi-r  to  the  Hoynl  Society  in  May  ITT-l,  in 
which  be  attempted  to  prove  the  practicability  of  approaching  to, 
and  evra  reaching  the  nnrtlupole,  In  this  paper  be  relates  the 
following  very  lingular  story,  which  was  told  him  by  Ur.Campbel: 
K  Or.Uaillie,  who  lived  iri  Racquet- court,  Fleet. street,  London, 
ibont  the  year  i'tS,  arid  practised  as  a  physician,  assured  Dr. 
Catnpbel,  that  he  h^d  betn  farther  to  the  southward  and  the 
uorthwArd  than  peihaps  any  other  p'>rson  who  ever  eaUtpd.  He 
bad  tailed  with  Koggc-wein,  the  faoious  Dutch  navigator,  who  is 
laid  to  haTc  reached  the  latitude  of  6T  SO'  south,  in  the  year 
I7n.  He  had  likewise  Eailed,  whrn  very  young,  in  a  Dutch 
tUp  of  war,  sent  out  to  superiutend  the  Gre^'uland  fishery,  when 
be  pcaettated  (to  the  best  of  Dr.  Caniphcl's  recollection,  who 
rtUted  it  from  memory  at  the  distance  of  thirty  years)  as  far  north 
u  latitude  88" ;  and  h^  udded,  that  the  weather  was  warm,  the 
KB  perfectly  free  from  ice,  and  rolling  like  the  Bay  of  iiiscay. 
Witb  these  foTonrable  appearances,  DaJllie  pressed  the  c>ipiaiu  to 
proceed  farther;  but  he  answered,  that  he  had  already  goue  too 
far,  by  hAving  neglected  his  station,  for  which  he  should  he 
blamed  in  Holland  ;  on  which  account  aUo  he  woubl  sulTer  no 
JQUmil  to  be  made,  but  returned  as  speedily  as  he  could  to  Spits* 
bcrgra. 
Nothing  but  the  deserved  estimation  in  which  Mr,  Harrington  is 
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held  could  preserre  so  palpable  an  imposition  from  the  ob1i?ion 
which  it  merits,  as  the  experience  of  two  centuries  is  to  be  placed 
in  opposition  to  the  bare  assertion  of  an  obscure  individual,  who 
appears  to  have  been  diverting  himself  with  the  credulity  of  a  man 
of  letters,  and  to  have  passed  himself  upon  him  as  a  most  extraor- 
dinary character.  Mr.  Barrington  afterward  pursued  the  subject 
farther,  and  produced  a  variety  of  doubtful  testimonies,  concern- 
ing advances  which  have  been  made,  both  by  English  and  Dutch 
navigators,  beyond  the  eiglity.fourth  degree  of  latitude  ;  from 
which  evidence  he  concludes,  ''  that  the  Dutch  seamen  employed 
in  the  Greenland  fishery  agree  with  our  own  countrymen,  in 
never  having  so  much  as  heard  of  a  perpetual  barrier  of  field  ice 
to  the  northward  of  Spitsbergen,  in  80°  30^,  which  indeed  is  one 
of  their  most  common  latitudes  for  catching  whales,  whilst  all  of 
them 'suppose  the  sea  to  be  generally  open  in  those  parts;  and 
jnany  of  them  proceed  several  degrees  beyond  it,"  [Pftyti^. 

SECTION    IV. 

Cold  of  the  North  Polar  Regions  as  ascertained  by  Captain 
Cook  during  his  third  Voyage^  together  zci/h  his  Discovery 
of  a  Passage  from  the  Pacific  Ocean  Northzcard,  between 
the  Points  of  Asia  and  America^  and  his  attempts  to  Navi» 
gate  the  North  Sea. 

On  the  return  of  this  great  navigator  from  his  second  voyage,  he 
was  promoted  from  the  rank  of  master  and  commander  to  that  of 
a  captain  in  the  navy,  and  was  assigned  an  honourable  retreat,  by 
being  appointed  one  of  the  four  captains  of  Greenwich  Hospital^ 
which,  beside  providing  him  with  a  delightful  residence,  has  the  pay 
of  £230  per  annum  annexed  io  it.  Alike  caressed  by  the  great  and 
the  learned,  hy  natives  and  foreigners,  who  all  beheld  him  with  an 
enthusiastic  kind  of  veneration,  in  the  full  possession  of  health  and 
spirits,  being  in  the  fifty-third  yrar  of  his  age,  he  was  one  of  those 
few  favoured  mortals  for  whom  extraordinary  merit  had  obtained 
an*  immediate  recompence.  Those  navigators  m  ho  have  trans- 
mitted their  names  with  the  greatest  renown  to  future  ages,  have^ 
in  general,  betn  no  less  remarkable  for  the  unworthy  and  mortify- 
ing returns  they  have  met  with  from  mankind,  when  they  have 
survived  their  perils,  and  seen  their  labours  crowned  with  success; 
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bat  it  WAS  Captaio  Cook's  good  fortune  to  lire  in  times  when 
merit  was  both  discerned  and  recompensed. 

The  eastern  extremity  of  Asia,  and  western  coast  of  North 
America,    remained  at   this  period   unknown;    and  although  a 
northern  passage  from  Europe  to  Asia  had  become  an  early  and  a 
faTonrite  object,  after  the  discovery  of  the  western  hemisphere, 
jet  no  attempt  had  been  made  to  reach  the  north  sea  from  the  Pa- 
cific Ocean.     As  a  navigation,  therefore,  of  this  kind  was  not 
only  new,  but  connected  with  the  roost  important  part  of  geogra* 
pbical  knowledge  which  yet  remained  to  be  revealed,  namely,  the 
exact  position  of  the  extreme  points  of  the  two  continents:   ano* 
ther  Toyage  was  resolved  upon,  chiefly  with  a  view  to  effect  those 
important  purposes  ;  which,  when  effected,  nothing  would  remain 
to  complete  the  geography  of  the  globe,  but  what,  as  the  editor  of 
Captain  Cook's  third  voyage  (the  bishop  of  Salisbury)  observes, 
^^  might  justly  be  called  the  minutiw  of  the  science."      The  ope- 
rations proposed  to  be  pursued  were  so  novel,  so  extensive,  and 
so  various,  that  the  skill  and  exertions  of  Captain  Cook  were 
tbooght  requisite  to  conduct  them  ;   he  therefore  relinquished  the 
nominal  ro;umand  to  which  he  had   been  appointed,  in  order  to 
conduct  an  expedition  which  would  expose  him  to  the  toils,  the 
hardships,  and  the  perils  of  a  third  voyage  on  the  great  Pacific 
Ocean,  in  a  direction  which  had  scarcely  been  attempted.      To 
draw  forth  every  exertion  in  this  undertaking,  an  act  of  parlia. 
ment  was  passed,  by  which  the  dbcovery  of  a  northern  passage 
between  the  Atlantic  and  Pacific  oceans  was  declared  to  entitle  the 
discoverer  to  the  reward  of  twenty  thousand  pounds,  which,   by 
an  act  passed  in  I745»  had  been  restrained  to  such  expeditions  as 
should  discover  a  passage  through  Hudson's  Bay ;  and  king's  ships 
were  now  entitled  to  the  reward  on  making  such  discovery,  from 
which  they  had  been  excluded  by  the  former  act.    The  Resolution 
sloop  was  appointed  io  this  service,  so  little  injury  had  she  sus. 
tained  in  her  last  voyage,  and  the  Discovery,  a  vessel  of  three 
hundred  tons,  was  joined  in  the  same  expedition ;   the  command 
of  her  was  given  to  Captain  Clerke,  who  had  been  twice  reund 
the  world  with  Captain  Cook,  and  once  with  Commodore  Byron. 
On  the  1 1th  of  July,  1776,  the  Resolution  sailed  from  Plymouth, 
and  was  joined  by  the  Discovery  at  ti^e  Cape  of  Good  Hope,  on 
the  10th  of  November  following. 
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The  whole  of  the  year  1777  was  employed  in  exploring  land  to 
the  southvi^ard,  and  in  fra?eri»ing  the  great  Pacific  Ocean  in  Tariouf 
directions,  by  which  many  more  islands  were  discovered}  whiltt 
those  formerly  known  were  re-risited;  on  these  s^-veral  osefal 
animals  were  landed,  to  provide,  if  pcjssible,  a  breed  of  cattle  an. 
known  in  those  regions;  the  western  coast  of  North  America  was 
explored,  and  an  acquaintance  with  Nootka  Sound  first  obtained. 
From  this  port  the  two  ships  sailed  on  the  17th  of  May,  1778,  to 
the  northward,  in  which  navigation,  the  mouth  of  a  very  consi. 
derable  river  was  reached,  and  its  course  traced  more  than  seventy 
leagues  from  its  entrance,  being  explored  as  high  as  the  latitude  of 
61**  30',  in  longitude  150**  W.  but  its  source  could  not  be  discern* 
ed,  or  conjectured  upon.  Captain  Cook,  in  his  journal,  called 
it  "  the  Great  Kivor,'*  but  it  has  since  received  the  name  of 
Cook's  Rivery  which  it  is  likely  to  retain^  even  when  its  whole  eip- 
tent  and  beneficial  communications  are  fully  ascertained. 

In  proceeding  from  the  mouth  of  Cook*s  River,  in  the  direction 
of  north  west,  on  the  26th  of  June,  at  hall"  past  four  in  the 
roorning,thc  weather  being  so  thick  that  nothing  could  be  seen  at  the 
distance  of  an  hundred  yards,  those  on  board  the  Resolution  were 
alarmed  at  hearing  the  sound  of  breakers  on  their  larboard  bow^ 
which  led  Captain  Cook  to  cast  anchor,  and  to  call  to  the  Disco. 
very  to  do  the  like.  A  few  hours  after,  the  fog  having  somv'what 
cleart  d  away^  the  danger  which  (hey  had  escaped  appeared  to  have 
been  imminent,  as  the  ships  had  passed  between  such  rocks  and 
breakers  in  the  dark,  as  our  navigator  would  not  have  v«ntured 
through  in  a  clear  day;  and  it  appeared,  that  the  ships  had  gained 
such  an  anchoring  place,  without  choice,  as  was  equal  to  any 
which  could  have  been  obtained  by  the  most  deliberate  search ! 
Captain  Cook,  in  his  chart,  distinguishes  the  cape  near  which 
this  event  happened,  by  the  name  of  Cape  Providence ;  and 
Ellis,  in  his  narrative  of  this  voyage,  calls  it  ^^  a  most  providen. 
tial  escape  ;*'  adding,  ^*  if  we  had  stood  on  five  minutes  longer, 
we  must,  in  all  probability,  have  been  on  shore ;  or  if  we  had 
varied  to  the  right  or  left,  we  should  have  run  the  risk  of  being 
upon  the  rocks." 

The  American  coast  was  here  ascertained  to  form  a  long 
and  narrow  peninsula,  which  had  received  from  Beeiing,  the 
Russian  navigator  of  those  parts,  the  name  of  Alaska.      This  pro^ 
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j'Cting  point  "f  (lie  Ameriain  continent  hud  lieco  imperrectly 
incf^  hy  him,  and  nut  asc^rlaini'd  Id  ba  piirl  of  (he  imminent, 
but  was  now  fully  ^-ii^torHl  by  Cajitjin  Cook;  to  him,  indeed, 
Mankind  will  -ter  be  iiiilebled  for  the  kiiowlfdiiv  ncqairi'd  of  lliat 
pill  of  lb?  world,  which,  until  he  t  »ited  it,  was  Blio^ither  un. 
known.  It  has  been  Justly  remarked,  thnt  "  the  hctiuna  of  spp. 
nilalive  geoitrapbers  in  the  southern  hemisphere  have  been  conti- 
nent, "od  in  the  northern  hemisphfrc  seas."  If  Captain  Cook  in 
Hi  fecond  voyage  annihilated  imaginary  southern  islands,  he  haa 
nade  amende  in  his  third  Toyagr,  hy  annihilating  northern  seas, 
M^  fillinft  Dp  the  Ta^t  spare  whit^b  has  been  allotted  to  Ihem,  with 
the  folrd  content!  of  bis  new  discoveries  of  American  land,  farther 
««l<rard  and  northward  than  hnd  hitherto  been  traced." 

On  the  7th  of  Angust  our  na? igalor  rearlied  the  western  extre. 
milj  of  all  Anii'rica  hitherto  known,  which  he  namid  Cnpe  Prince 
>f  Wales  ;  i(  i«  situated  in  laliludc  G5°  4&,  longitude  168"  5'  W. 
On  the  9tb,  the  two  ships  crossed  the  strait,  for  the  opposi)o  coast 
af  Asii,  which  they  reached  theneitday:  the  coasts  of  the  (wo 
coatioenti  are  there  dl-tanl  otity  thirteen  leagnes.  The  people 
»ho  inhabit  this  eastern  eKiremiry  of  Asia  are  called  the  7'ichutskif 
md  were  »isi(e<l  by  Beerin;;  in  1728.  This  land  Captain  Cook 
caniider*  as  properly  the  Tichu-kotskai  Noti,  or  eastern  promoij- 
lity  of  Asia,  althous^h  the  promontory  to  which  Ueeriti,'  gore  thai 
nine  is  fjrihcr  to  the  south-west.  It  is  a  peninsulaof  con-^iderabte 
Wi^hl,  joined  to  the  continent  by  a  rery  low  and,  to  all  appear, 
ince,  narrow  neck  of  land,  in  latitude  68"  6',  and  longitude  169* 
M'W.  Proceeding  to  the  niirlh-east,  they  regained  the  Ameri. 
nn  ihore,  being  now  in  the  Arctic  or  North  Sea  ;  on  the  17th 
Ux'y  had  reached  latitude  70°  3i',  when  a  brightness  in  the  north, 
•n  ban  son  appeared,  like  that  retlected  from  ice,  and  whirh  is 
ntnuBonly  called  "  the  blink  i''  in  an  hour  after,  a  large  field  of 
iee  btcame  visible,  and  shortly,  when  in  latitude  70''  4 1',  entirely 
prtTtnted  the  farther  progresji  of  the  ships  in  that  direction.  Ou 
I^'  l8th  the  two  ships  were  close  to  the  edge  of  the  ice,  which  wa» 
Ucwnpact  as  a  wall,  and  seemed  at  least  (en  or  twelve  feet  high  ; 
f*rihvr  north  it  appeared  much  higher,  its  surface  was  extremely 
'^g^ed,  and  here  and  there  pools  uf  water  were  observed  upon 
'I'  The  depth  of  water  was  from  seven  to  nine  fathoms.  At 
ihii  ttme  the  weather,  which  had  been  hazy,  cleared  up  a  little, 
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and  land  was  seen  extending  from  S.  to  S.  E.  by  E.  about  three 
or  four  miles  distant.  As  the  eastern  extreme  point  of  land  was 
much  encumbered  with  ice,  Captain  Cook  gaTe  it  the  name  of  /cy 
Cape,  latitude  70^29",  longitude  162M(/.  This  is  doubtless  a 
continuation  of  (he  American  continent.  Hrre  prodigious  numbers 
of  sea.horses  were  se^n,  lying  upon  the  ice.  The  ships  were  thea 
in  a  critical  situation,  being  in  shoal  water,  upon  a  lee  shore,  the 
main  bo  ly  of  the  ice  to  windward  driving  down  upon  them.  On 
the  2lst,  the  ice  was  found  to  coyer  a  part  of  the  sea  which  bat  a 
few  days  before  had  been  clear,  and  to  extend  farther  to  the  south 
than  wh^ii  it  was  first  fallen  in  with.  Captain  Cook  supposed  that 
the  whole  body  of  ice  was  a  moveable  mass. 

Quitting  the  American  coast,  and  proceeding  to  the  westward, 
the  water  deepened  gradually  to  twenty-eight  fathoms,  which  was 
the  greatest  depth  found  in  the  Arctic  or  North  Sea*  In  the 
morning  of  the  26th,  ice  was  again  fallen  in  with,  latitude  69*^  36', 
longitude  176"  W.  which  gave  no  better  prospect  of  getting  to  the 
north  in  that  meridian  than  nearer  shore.  Standing  to  the  west- 
ward, in  the  afternoon  the  ships  were  in  a  manner  embayed  in  the 
ice,  which  lay  E.  N.  E.  and  W.  N.  W.  as  far  each  way  as  the  eye 
could  reach.  There  being  little  wind,  Captain  Cook  went  with  the 
boats  to  examine  the  state  of  the  ice,  and  found  it  to  consist  of  loose 
pieces  of  various  kinds,  so  closely  wedged  together  that  it  was  diffi- 
cult to  enter  the  outer  edge  with  a  boat,  and  it  was  as  impossible 
for  ships  to  enter  it  as  if  it  had  been  so  many  rocks.  It  was  all 
pure  transparent  ice,  except  the  upper  surface,  which  was  a  little 
porous.  It  appeared  to  be  all  composed  of  frozen  snow,  and  to 
have  been  all  formed  at  sea.  The  pieces  of  ice  which  composed 
the  outer  edge  of  the  field  were  from  forty  or  fifty  yards  in  extent 
to  four  or  iive^  and  Captain  Cook  supposed  the  larger  pieces  to 
rise  thirty  feet  or  more  above  the  surface  of  the  water ;  and  he  is 
of  opinion  that  the  sun  has  very  little  influence  in  reducing  these 
great  masses  of  ice,  as  in  this  climate  it  seldom  shines  out  longer 
than  a  few  hours  at  a  time,  and  often  is  not  seen  for  several  dayi 
together.  It  is  the  wind,  or  rather  the  waves  raised  by  the  wind, 
that  diminish  the  bulk  of  these  enormous  masses,  by  grinding  one 
piece  against  another,  and  by  undermining  and  washing  away  those 
parts  that  lie  exposed  to  the  surge  of  the  sea. 

On  the  29th  land  was  seen,  the  extreme  point  of  which  was 
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named  Cope  North j  aod  beyond  this  the  ships  were  unable  to  pe. 
netrate:  it  lies  in  latitude  6 8""  56',  longitude  179'' 9' W.  <'  The 
coast  beyond  it,"  says  Captain  Cook,  '^  must  take  a  very  westerly 
direction  ;  for  we  could  see  no  land  to  the  northward,  although  the 
hoiizon  was  there  pretty  clear." 

As  there  was  now  very  little  probability  of  finding  a  passage  into 
the  Atlantic,  and  the  season  was  so  far  advanced,  that  the  frost  was 
expected  to  set  in,  our  navigator  confined  his  attention  to  the  ob. 
ttining  some  place  where  wood  and  water  might  be  procured,  and 
where  he  might  employ  the  winter  months  in  making  such  discove. 
lies  as  should  prove  useful  to  geography  and  navigation,  at  the  same 
Ume  that  he  should  be  enabled  to  render  his  ships  and  their  crews 
io  a  better  condition  to  return  to  the  north,  in  farther  search  of  a 
passage  the  ensuing  summer. 

[^Cook^s  Third  Voyage. 

SECTION    V. 

Remarks  on  (he  State  of  the  Globe  within  the  Arctic  Circle^  as 
it  appears  from  the  tzso  preceding  Voyages  tozcard  the  North 
Pole. 

If  the  result  of  Lord  Mulgrave's  voyage  was  unfavourable  to  the 
opinion  until  then  entertained  of  the  practicability  of  making  ad- 
unces  in  that  region  of  ice,  the  voyage  of  Captain  Cook  on  the  op. 
posite  side  of  the  globe  was  still  more  so,  being  very  near  eleven- 
degrees  short  of  the  approach  made  by  the  former;  and  they  con. 
car  in  proving  the  impossibility  of  navigating  in  high  northern  lati. 
tides.     Lord  Mulgrave  made  his  nearest  approach  to  the  pole  on 
the3ist  of  July  ;  Captain  Cook's  greatest  approximation  was  on 
the  18th  of  August.     The  latter,  on  the  30th  of  January,    1774, 
proceeded  nearer  toward  the  south  pole  by  twenty.six  minutes 
than  he  was  capable  of  penetrating  toward  the  north.     It  is  like* 
irise  worthy  of  notice,  how  very  diflerent  the  arctic  regions  ap. 
peared  to  be,  in  many  important  particulars,  on  its  opposite  sidett 
for  instance,  Lord  Mulgrave  could  find  no  bottom  with  a  vast 
qoantity  of  line  ;  Captain  Cook  never  got  a  greater  depth  of  wa. 
ter  than  twenty-eight  fathoms.     When  sailing  from  Europe,  cur. 

Hnts  were  found  to  set  in  strong  in  the  highest  latitudes  which  wera 
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reached,  and  to  be  levy  variable  ;  in  proceeding  from  the  points  of 
Asia  and  America,  no  current  could  be  observed.  On  one  side  o( 
the  globe  the  skj  was,  in  general,  loaded  with  hard,  white  cloadSy 
insomuch  that  the  sun  and  horizon  were  never  entirely  free  from 
them,  even  in  the  clearest  weather ;  on  the  other  side,  fogs  pre- 
vailed to  such  a  degree  as  entirely  to  obscure  the  sun,  for  many 
days  in  succession.  The  degree  of  cold  was  likewise  much  greater 
on  the  Asiatic  than  on  the  European  side  of  the  globe,  which  ac- 
counts for  the  expansion  of  the  ice  being  so  much  greater  in  the 
former  place. 

In  the  year  1770,  the  Hudson's  Bay  Company  directed  Mr* 
Hearne,  an  officer  in  their  ser?ice,  to  explore  the  American  conti- 
nent to  the  north-westward  of  their  settlements,  in  order  to  ascer- 
tain whether  it  was  practicable  to  reach  the  northern  ocean  over 
land,  and  how  far  the  continent  extended  northward.  In  this  la- 
borious enterprise  Mr.  Hearne  was  employed  eighteen  months.  He 
traced  the  continent  to  its  termination  in  about  71*^  !2(/  N.  latitade, 
and  123°  W.  longitude,  but  the  north  sea  which  there  presented 
itself  was  frozen  over,  except  the  parts  about  the  coast,  which  ten- 
dered it  unquestionable  that  no  na?igation  was  practicable  upon  it, 
and  consequently  all  prospect  of  opening  a  communication  with 
Asia  by  means  of  that  sea  will  for  ever  vanish. 

Captain  Cook  having  thus  finished  his  northern  cruise,  visited  a 
cluster  of  inlands  between  Kamtschatka  and  the  American  coast; 
then  proceeding  to  a  group  of  islands,  lying  within  the  tropic^ 
which  had  been  discovered  by  him  on  this  voyage,  and  named  the 
Sandwich  Islands,  on  the  1st  of  December  reached  a  Urge  island  in 
this  cluster,  which  was  called  by  the  natives  Owhyhee,  where  be 
proposed  to  procure  refreshments  for  his  people,  and  to  repair  hii 
ships ;  but  whilst  so  employed  he  most  unfortunately  lost  his  life^ 
in  a  skirmish  with  the  natives,  on  the  14th  of  February,  1779* 

On  the  death  of  Captain  Cook,  the  command  of  the  expedition 
devolved  on  Captain  Clerke,  who  removed  on  board  the  Resola* 
tfon,  and  Lieutenant  Gore,  who  had  three  times  circumnavigated 
the  globe,  became  captain  of  the  Discovery.  At  that  time,  Cap* 
tain  Gierke's  health  was  in  a  rapid  decline  ;  but  although  his  bodjr 
was  fast  sinking  to  dissolution,  yet  his  mind  continued  zealously  Uu 
tent  on  conducting  the  two  ships  northward^   and  accompUshtof 
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flioK  gr«a(  objects  of  ditcoTcry  whicb  Captoin  Cook  hod  purposed 
fo  atleinpr,  and  to  have  eoleTed  od  his  career  iu  the  month  of  Majr 
(ollniria^. 

The  prpst-nt  cntomanJef  proceeded  to  the  peninsula  of  Knint- 
trhatkk,  nnd  rntrrlnj;  the  bay  of  Awalska,  landed  at  the  litlltt  towo 
iifSt,  PclPTand  St.  Paul,  on  (hi;  last  day  of  Apiil.  No  appearance 
of  spring  had  then  cheered  that  drenry  region ;  here  lie  continued 
UDlil  the  1  jth  of  June,  iu  which  time  the  tiro  ships  were  veil  lic- 
iMdled  and  watered  J  but  such  was  the  state  of  Captain  Clerke'l 
bcallb,  that  neither  the  repose  which  he  enjoyed  in  the  harbour, 
nor  a  milk  and  Tegetable  diet,  with  trhich  he  was  supplied  by  the 
bnnane  asiistaoce  of  a  kiiid-hearteil  Runian  priest,  named  Ro> 
ntauflr  Vrmhagen,  who  officiated  at  the  Tillage  of  Paralounca, 
tlmat  stsiMO  miles  disliint  from  the  town  of  St.  Peltr  and  St.  Paul, 
n>Lld  ntlore  (bat  rxcellenl  oRicer :  yet,  debilitated  and  wasted  at 
be  was,  he  resotved  to  employ  the  last  remnant  of  his  life  in  a  se. 
rood  attempt  Iu  find  oul  a  northern  passage. — So  much  was  he  in- 
■pired  with  tbv  spirit  of  his  great  master  and  exemplar ! 

In  Itiis  wcond  navi:;alioii  of  the  Arctic  or  North  Sea,  the  farthest 
idnnce  which  the  ships  were  capable  of  making  vas  to  latitudo 
Wi6',  and  longitude  of  165"  6' W.  uhich  was  fifteen  minutes 
ihorl  of  the  poiut  reached  by  Captaiu  Cuuk  tbe  preceding  yeur, 
In  a  direction  somewhat  more  than  two  degree;  to  (he  westward  of 
hit  course,  and  just  a  niontJi  earlier  iu  the  siimtner,  being  ou  tht 
l8Ih  al  July.  The  remainder  of  that  mouth  was  employed  in  na- 
ti^ting  the  sea  in  various  directions,  gradually  piociediog  to  the 
Kiuihward.  On  the  31st,  he  repassed  the  straits  which  separata 
the  two  continents,  and  which  have  received  the  name  of  Beering't 
UlraitM.  On  the  18th  of  August  the  ships  again  entered  Awatska 
bay,  but  the  day  before  Captain  Gierke  breathed  his  last ;  his  re. 
aains  wer«  iulem-d  uii!>hure,  and  uudcr  the  orders  of  his  successor 
C^tain  Gore,  on  whom  the  chief  command  now  devolved,  an 
neatcfacoa  wnt  put  up  in  the  church  of  Paratoiinca,  prepared  by 
Mr. Webber,  the  laiidscnpe  painter  of  the  Resolution,  with  an  io^ 
KriptioB  upon  it,  setting  forth  Captain  Clecke'sagc  and  rank,  lo- 
pAhtt  with  th«  object  of  the  expedition  in  which  he  was  engaged 
•I  (be  tinie  of  his  death.  Captain  King  then  became  commander 
of  tb*  Diseurcry. 
Oa  the  0th  of  October  C'lptaiii  GoiequittviJ  Awatska  bay,  and, 
*ot.  1».  I 
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proceeding  8ouih.eastward,  sailed  along  the  eastern  coast  of  JapaO| 
whence  he  proceeded  to  Macao,  in  China,  and  passed  through  the 
straits  of  Banca.  On  the  4th  of  October  the  ships  arrlred  safe  il 
the  Nore, 

[^Cuok.  Fourneaux.  Haxsksworth. 

SECTION    VI. 

Effects  of  Cold,  as  observed  in  1741.2,  at  Prince  of  Wale^i 
Forty  at  Churchill's  River,  Hudson^s  Bay. 

By  Captain  Christopher  Middleton,  F.  R.S. 

CAPTATNMiddleton  states,  that  the  hares,  rabbits,  foxes  and  per* 
tridges  of  these  regions  in  September,  and  the  beginning  of  October^ 
ehanged  their  native  colour  to  a  snowy  white ;  and  that  for  di 
months,  in  the  severest  part  of  the  winter,  he  nerer  saw  anylrat 
what  were  all  white,  except  some  foxes  of  a  different  sort,  whicfc 
were  grizzled,  and  some  half  red,  half  white. 

That  lakes  and  standing  waters,  which  are  not  aboveien  or  twelft 
feet  deep,  are  frozen  to  the  ground  in  winter,  and  the  fishes  in  tiben 
all  perish.  Yet  in  rirers  near  the  sea,  and  lakes  of  a  greater  deptt 
than  ten  or  twelve  feet,  fishes  are  caught  all  the  winter,  by  cuttil^ 
holes  through  the  ice  down  to  the  water,  and  putting  lines  tad 
hooks  in  them.  But  if  they  are  to  be  taken  with  nets,  they  cot 
several  holes  in  a  straight  line  the  length  of  the  net,  and  past  the 
net,  with  a  stick  fastened  to  the  head  line,  from  hole  to  hole,  till  it 
reaches  the  utmost  extent ;  and  what  fishes  come  to  these  holes  for 
air,  are  entangled  in  the  net;  and  these  fish,  as  soon  as  brought 
into  the  open  air,  are  instantly  frozen  as  stiff  as  stock.fish.  Tht 
seamen  freshen  their  salt  provisions,  by  cutting  a  large  hole  through 
the  ice  in  the  stream  or  tide  of  the  river,  which  they  do  at  the  1Mb 
ginning  of  the  winter,  and  keep  it  open  all  that  season.  In  this 
hole  they  put  their  salt  meat,  and  the  minute  it  is  immersed  nnder 
water,  it  becomes  pliable  and  soft,  though  before  its  immersloQ  it 
was  hard  frozen. 

3eef,  pork,  mutton,  and  venison,  that  are  killed  at  the  begimiat 
bf  the  winter,  are  preserved  by  the  frost,  for  six  or  seven  montM* 
entirely  free  from  putrefaction,  and  prove  tolerably  good  eating* 
Likewise  geese,  partridges,  and  other  fowl,  that  are  killed  at  lis 
same  time,  and  kept  with  their  feathers  on,  and  guts  in,  require  nt 
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Other  preseiratiTe,  bat  the  frost,  to  make  them  good  wholesome 
ttting,  as  long  as  the  winter  contioiies.  Ail  kiods  of  fish  are  pre. 
senrcd  in  the  like  manner. 

In  large  lakes  and  rivers,  the  ice  is  sometimes  broken  by  imprw 
soaed  rapours ;  and  the  rocks,  trees,  joists,  and  rafters  of  oar 
bsildings,  are  barst  with  a  noise  not  less  terrible  than  the  firing 
of  a  great  manj  guns  together.  The  rocks  which  are  split  by 
the  frost,  are  beared  op  in  great  heaps,  leaving  large  cavities  be. 
Und ;  which  may  be  caased  by  imprisoned  watery  Tapours,  that 
'  nqaire  more  room,  when  frozen,  than  they  occupy  in  their  fluid 
state.  Neither  is  it  wonderful  that  the  frost  should  be  able  Xq  tear 
op  rocks  and  trees,  and  split  the  beams  of  our  houses,  when  we 
consider  its  great  force  and  elasticity.  If  beer  or  water  be  left  in 
Mgh  cans,  bottles,  or  copper  pots»  though  they  were  put  by 
oir^  bedsides,  in  a  severe  night  they  are  split  io  pieces  before 
■orning,  not  being  able  to  withstand  the  expansive  force  of  the  in* 
doled  ice. 

The  air  is  filled  with  innumerable  particles  of  ice,  rery  sharp 
tod  angular,  and  plainly  perceptible  to  the  naked  eye.  Captain 
M.  seteral  times  tried  to  make  observations  of  some  celestial  bo- 
diHy  particularly  the  immersions  of  Jupiter^s  satellites  with  reflect. 
ligaBd  refracting  telescopes  :  but  the  metals  and  glasses,  by  the 
fiat  he  could  fix  them  to  the  object,  were  covered  a  quarter  of  an 
U  thick  with  ice,  which  rendered  the  object  indistinct,  so  that 
it  Is  not  without  great  difficulties  that  any  observations  can  be 
Idcn. 

Bottles  of  strong  beer,  brandy,  strong  brine,  spirits  of  wine,  <et 
••tin  the  open  air  for  three  or  four  hours,  freeze  to  solid  ice.  He 
tridl  togeC  the  son's  refraction  to  every  degree  above  the  horizon, 
vith  Eltoo's  quadrant,  but  to  no  purpose,  for  the  spirits  froze  al- 
■ost  as  toon  as  brought  into  open  air. 

The.  frost  is  never  out  of  the  ground  ;  how  deep  cannot  be  cer. 
trii.  They  have  dug  down  ten  or  twelve  feet,  and  found  the  earth 
httd  frozen  in  the  two  sammer  months  ;  and  what  moisture  is 
iNBd  five  or  six  feet  down,  is  white  like  ice.  The  waters  or  riTcrs 
Xir  the  tea,  where  the  current  of  the  tide  flows  strong,  do  not 
uicie  above  nine  or  ten  feet  deep. 

All  the  water  used  for  cooking,  brewing,  &c.  is  melted  snow  and 
^^t  AOtpriog  it  yet  found  free  from  freezing,  though  dug  ever  so 

\% 
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deep  down*     All  waters  inland  are  frozen  fast  by  the  beginning  of 
October,  and  continue  so  till  the  middle  of  May. 

The  walls  of  the  house  they  lived  in  are  of  stone,  two  feet  thickf 
the  windows  very  small ,  with  thick  wooden  shatters,  which  mi« 
close  shut  eighteen  hours  every  day  in  the  winter.  There  are  cel« 
lars  under  the  house,  where  are  put  the  wine»,  brandy,  strong 
beer,  butter,  cheese,  &c.  Four  large  fires  are  made  la  great 
stoves,  built  on  purpose,  every  day.  As  soon  as  the  wood  il  tHirat 
down  to  a  coal,  the  tops  of  the  chimneys  are  close  stopped  with  as 
iron  cover:  this  keeps  the  heat  within  the  house,  thoogh  at  the 
same  time  the  smoke  makes  their  heads  ach,  and  is  yery  offenaiff 
and  unwholesome  ;  notwithstanding  which,  in  four  or  five  hoaif 
after  the  fire  is  out,  the  inside  of  the  walls  of  the  house  and  bed* 
places  will  be  two  or  three  inches  thick  with  ice,  which  is  eveij 
morning  cut  away  with  a  hatchet.  Three  or  four  tiroes  a  day  they 
make  iron  shot  of  twenty. four  pounds  weight  red-hot,  and  hai^ 
them  up  in  the  windows  of  the  apartments.  Though  a  good  firebt 
in  the  room  the  major  part  of  the  twenty -four  hours,  yet  all  this 
will  not  preserve  tiie  beer,  wine,  ink,  &c.  from  freezing. 

For  a  winter  dress,  they  make  use  of  three  pair  of  socks  of  coarM 
blanketing,  or  Dutheld,  for  the  feet,  with  a  pair  of  deer-skin  ahoet 
over  them  ;  two  pair  of  thick  English  stockings,  and  a  pair  of  clotk 
stockings  upon  them  ;  breeches  lined  with  flannel ;  two  or  three 
English  jackets,  and  a  fur  or  leather  gown  over  them;  a  laigi 
beaver  cap,  double,  to  come  over  the  face  and  shoulders,  and  a 
cloth  of  blanketing  under  the  chin  ;  with  yarn  gloves,  and  a  Urge 
pair  of  beaver  mittens,  hanging  down  from  the  shoulders  before,  ts 
put  the  hands  in,  which  reach  up  as  high  as  the  elbows  ;  yet  not* 
withstanding  this  warm  cloathing,  almost  every  day,  some  of  tbi 
men  that  stir  abroad,  if  any  wind  blows  from  the  northward^  aif 
dreadfully  frozen  ;  some  have  their  arms,  hands,  and  face  blisteni 
and  frozen  in  a  terrible  manner,  the  skin  coming  off  soon  after 
they  enter  a  warm  house,  and  some  have  lost  their  toes.  All 
<■  their  confinement  for  the  cure  of  these  frozen  parts,  brings'OQ  thi 
scurvy  in  a  lamentable  manner.  Many  have  died  of  it,  and  fewart 
free  from  that  distemper.  And  notwithstanding  all  endeavoart^ 
nothing  will  prevent  that  distemper  from  being  mortal,  but  exer- 
cise and  stirring  abroad. 

Coronae  and  parhelia,  commonly  called  halos  and  mock-sani) 
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appear  frequenlly  abou(  (he  sun  and  mooD  here.  They  are  seen 
QBcror  twice  a  week  about  the  !iun,  anil  once  or  twice  amonlhabout 
Ike  moon,  for  Tour  or  five  monlhs  in  the  winter,  several  corona:  of 
diflvreni  diameters  appearing  a[  the  same  f  inm.  Five  or  six  pa. 
nllrl  caronK,  concentric  wilh  the  sun,  are  seen  several  limes  in 
tte  winter,  being  for  the  most  part  very  bright,  and  always  altenil.'il 
with  {Mr b«I IK  or  mock-snns.  The  parhelia  are  always  Bcconi|ia_ 
iM  with  coronx,  if  (he  wealher  be  clear;  anJ  continue  Tor  se. 
wnl  days  tagelher,  from  ihe  sun's  rising  to  liis  setting. 
liigi  are  of  various  colonrj,  aod  about  forty  or  fifty  degrees  in  { 
inelrr. 

Tbe  frequent  appcamnce  of  these  phenomena  in  this  frosen 
ime  seems  lo  confirm  Descartes's  hypothesis,  who  supposes  th^si 
proceed  from  ice  9u;p<nded  In  the  air. 

The  aurora  borealis  is  much  oftner  seen  here  tban  in  l''ngland  j 

'itldsm  a  night  passes  in  the  winter  free  from  their  Appearance. 

"They  shine  with  a  snrprising  brightness,  darkening  all  the  stars  and 

nets,  and  covering  the  whole  hemisphere :  iheir  tremulous  mo. 

lian  from  all  parts,  and  their  beauty  and  1ii<ilre,   arc  much  tb« 

me  as  in  the  northern  parts  of  Scotland,  Oenmnrlt,  &c. 

Tbe  drradlul  lung  winters  here  may  almost  be  conipared  to  the 

folar  parts,  where  the  absence  of  ihe  sen  continues  Tor  siv  months; 

being  perpetually  chilled  and  frozen  by  the  northerly  winds 

la  winter,  aad  the  c»ld  fogs  and  mists  obstructing  the  sun's  beams 

■•l  the  »hort  summer  they  hare ;  for  notwithstanding  the  snow  and 

it  then  dissolved  in  the  low-lands  &nd  plains,  yet  the  mountains 

perpetually  covered  with  snow,  and  incredible  lar^e  bodies  of 

continue  in  the  adjacnt  seas.     When  the  wind  IHows  from  the 

'Wathcni  parts,  the  air  is  tolerably  worm  ;  but  very  cold  when  it 

«»»e»  from  the  northward ;  and   it  seldom  Mows  otherwise  than 

between  the  north.east  and  north-west,  except  in  the  two  summer 

•ontlia,  when  they  harve  light  gales  between  tbe  east  and  the  north, 

rWd  calms. 

The  northerly  winds  being  so  extremely  cold,  is  owing  to  the 
itn^bonrhood  of  high  mountains,  whose  tops  are  perpetually  co. 
rfarcd  with  snow,  which  exceedingly  chills  the  air  passing  over 
Am.  The  fogs  and  mists,  brought  here  from  the  polar  (larls  in 
■in i«r J  appear  visible  to  the  nakrd  eye  in  innumerable  icicles,  aa 
i3 
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small  as  fine  hairs  or  threads,  and  pointed  as  sharp  as  needles. 
These  icicles  lodge  in  the  cloaths ;  and  if  the  faces  or  hands  be  no. 
coTeredy  they  presently  raise  blisters  as  white  as  a  linen  cloth,  and 
as  hard  as  horn.  Yet  if  they  immediately  turn  their  backs  to  the 
weather,  and  can  bear  a  hand  ont  of  the  mitten,  and  with  it  mb  the 
blistered  part  for  a  small  time,  they  sometimes  bring  the  skin  to  its 
former  state :  if  not,  they  make  the  best  of  their  way  to  a  fire,  and 
get  warm  water,  with  which  they  bathe  it,  and  so  dissipate  the  hu- 
mours raised  by  the  frozen  air  ;  otherwise  the  skin  would  be  off  la 
a  short  time,  with  much  hot,  serous,  watery  matter  coming  frOB 
under  along  with  the  skin ;  and  this  happens  to  some  almost  eyery 
time  they  go  abroad  for  fiTe  or  six  months  in  the  winter,  so  ex* 
tremely  cold  is  the  air  when  the  wind  blows  any  thing  strong. 

It  is  obserred,  that  when  H  has  been  extreme  hard  frost  by  tk 
thermometer,  and  little  or  no  wind  that  day,  the  cold  has  not  near 
so  sensibly  affected  them,  as  when  the  thermometer  has  shewed 
much  less  freezing,  having  a  brisk  gale  of  northerly  wind  at  tk  i 
same  time.     This  difference  may  perhaps  be  occasioned  by  thou  i 
sharp-pointed  icicles  before  mentioned  striking  more  forcibly  in  i  ' 
windy  day  than  in  calm  weather,  thereby  penetrating  the  naked  ' 
skin,  or  parts  but  thinly  coTered,  and  causing  an  acute  sematioa  i 
of  pain  or  cold.     And  the  same  reason  will  probably  hold  gvodii  { 
other  places.  i 

It  is  not  a  little  surprising  to  many,  that  such  extreme  cold  j 
should  be  felt  in  these  parts  of  America,  more  than  in  plaoei  of  tkt 
same  latitude  on  the  coast  of  Norway  ;  but  the  difference  sctMll 
be  occasioned  by  wind  blowing  constantly  here,  for  seren  nrntki  j 
in  the  tweWe,  between  the  north-east  and  north-west,  and  panm] 
over  a  large  tract  of  land,  and  the  exceedingly  high  mountains,  ACi^ 
Whereas  at  Drontheim  in  Norway,  as  Captain  M.  obserred  soaM^ 
years  ago  in  wintering  there,  the  wind  all  the  winter  comes  frasj 
the  north  north-west,  and  crosses  a  great  part  of  the  ocean  clear  itj 
those  large  bodies  of  ice  found  here  perpetually.  At  this  ptosil 
they  have  constantly  every  year  nine  months  frost  and  snow,  tam 
unsufferable  cold  from  October  till  the  beginning  of  Maj.  In  Ihs] 
long  winter,  as  the  air  becomes  less  ponderous  towards  the  potan 
parts,  and  nearer  to  an  equilibrium,  as  it  happens  about  one  d^y  M 
a  week,  they  then  have  calms  and  light  airs  all  round  the  carapMU 
continuing  sometimes  twenty-four  hours,  and  then  back  to  Us  c 
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The  <Do>  thu  bfl«  km  b  at  iw  b  4i«^  IM  aov  aaj- 
except  ai  Uie  bt^ui^  amitmimi  airtiT.     I.^il  bwij  Ml 
dMMgt  of  tlw  ■laa,  W17 hard gila  ft^w  a»  — r*.    IVcan 
tnde-wiikdf  in  tlwK  mMlhui  yam  W  &■!»  vidMiNid^  •• 
cwed  from  tb»  nac  jwmc^  wUA  Dr. BaBtf  UMiiiu  «•  ki 
CUM  of  tbe  tradbwta^  acsi  tk  cqH^oc,  shI  Abt  mirf 
For  that  tiie  cold  deoM  ur,  hy  nmtmm  tt  iH  gnmt  gtmty.a 
wmaUf  prme*  fraa  (he  poUr  pnti  towaidi  Ac  eq 
■ir  it  BOrc  nrcficd,  to  pmrrrc  ■■  oQ>«3ihriMB  or  bdaam  tf  Ac 
■teoSfAcre,  ii  vftj  niilcirt  froB  ihc  «iad  U  Umm  inaa  r 
biowiDg   from  (hB  nortli  anJ  nortii-vKl,  froa  1 
October  till  May  ;  for  wbeo  tbe  Hn,  at  ttebegiaii^af  Jai 
warned  Ibow  rouDlriM  to  tbr  ncriliwd,  tWc  tW  m 
aad  Tariabte  winds,  continue  till  October  apia;  maiA&^kOtmtk* 
trade. winds  >nd   hard  ^les  majr  be  fMod  ia  Ike  ■owlhtra  peiv 
partt  to  blow  lu  aards  the  njoalor,  wbtm  the  Mm  b  ia  tke  aaithtia 
tignt,  from  the  same  principle. 

The  limil  of  thes«,winds  fram  the  polar  ptarts.  towards  tW  «qaa> 
tor,  i)  seldom  knowa  to  reach  bevond  the  SOth  degree  of  Utitade  : 
aad  the  nearer  thej-  approach  to  that  limit,  the  iliortcr  ii  tiM  oon. 
tioaaace  of  ihoic  winds.  In  New  Eoglaad  it  blows  freai  tbe  Borth 
Dear  four  monlhs  in  the  winter  ;  at  Canada,  alwot  fire  ■ontfas  ; 
■t  (he  Dane's  seltlemcDt  in  Davis's  Straits,  in  the  S3d  degree  of 
Utitnde,  near  seren  monlliE ;  on  Ihe  coast  of  Norway,  in  64',  not 
■bore  five  months  and  a  half,  because  blowing  over  •  grtat  part  of 
the  ocean,  as  before. m^nlioned  ;  for  those  northerly  winds  conti. 
noe  a  longer  or  shorter  time,  as  Ih^  air  is  more  or  less  rarefied, 
which  may  rerj  probably  be  altered  sereral  dee;rees,  by  the  na* 
tare  of  the  soil,  and  the  situalion  of  the  adjoiniof  continents. 

The  vast  bodies  of  ice  met  ivitli  in  the  passage  from  F.ngland  to 
Hodson's-bay,  are  vrry  surprising,  not  only  as  to  quanlily,  bnt 
magoitude,  and  as  unaccouninble  how  Ihey  are  formed  of  so  great 
a  bulk,  some  of  them  being  immersed  100  faihoni  or  more  onder.the 
nrface  of  the  ocean;  and  a  fifihor  sixth  part  abon',  and  three  or  four 
miles  in  circumference.  Some  hundreds  of  these  are  souietimes  seen 
In  a  voyage,  all  in  sight  at  once,  when  the  weather  h  clear.  Some 
WtiMB  an  frequently  secD  on  the  coasts  and  banks  of  Newfound. 
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land  and  New  England,  though  much  dimioished.  When  be« 
calmed  in  Hudson's-straits  for  three  or  four  tides  together,  Capt. 
M.  has  taken  a  boat,  and  laid  close  to  the  side  of  one  of  them, 
sounded,  and  found  100  fathom  water  all  round  it.  The  tide  flows 
here  above  four  fathom  ;  and  he  has  observed,  by  marks  on  a  bodj 
of  ice,  the  tide  to  rise  and  fall  that  difference,  which  was  a  cer. 
tainty  of  its  being  aground.  And  in  a  harbour  in  the  island  of 
Resolution,  where  he  continued  four  days,  three  of  these  isles  of 
ice  came  aground.  He  sounded  along  by  the  side  of  one  of  them, 
quite  round  it,  and  found  thirty.two  fathom  water,  and  the  height 
above  the  surface  but  ten  yards;  another  was  twenty.eight  fa- 
thom under,  and  the  perpendicular  height  but  nine  yards  above 
the  water. 

Captain  Middleton  accounts  for  the  aggregation  of  such  large 
bodies  of  ice  in  this  manner :  all  along  the  coasts  of  Davis's- 
straits,  both  sides  of  Baffin's.bay,  Hydson's-straits,  Anticosh,  or 
Labradore,  the  land  is  very  high  and  bold,  and  100  fathoms,  or 
more,  close  to  the  shore.     These  shores  have  many  inlets  or  fuirs, 
the  cavities  of  which  are  filled  up  with  ice  and  snow,  by  the  almost 
perpetual  winters  there,  and  frozen  to  the  ground,   increasing  for 
four,  five,  or  seven  years,  till  a  kind  of  deluge  or  land. flood,  which 
commonly  happens  in  that  space  of  time  throughout  those  parts, 
breaks  them  loose,   and  launches  them  into  the  straits  or  ocean, 
where  they  are  driven  about  by  the  variable  winds  and  currents  in 
the  months  of  June,  July,  and  August,  rather  increasing  than  di- 
minishing in  bulk>  being  surrounded,  except  in  four  or  five  points 
of  the  compass,  with  smaller  ice  for  many  hundred  leagues,  and 
land  covered  all  the  year  with  snow,  the  weather  being  extremely 
cold,  for  the  most  part,  in  those  summer  months.     The  smaller  ice 
that  almost  fills  the  straits  and  bays,  and  covers  many  leagues  out 
into  the  ocean  along  the  coast,  is  from  four  to  ten  fathom  thick, 
and  chills  the  air  to  that  degree,  that  there  is  a  constant  increase  to 
the  large  isles  by  the  sea's  washing  against  them,  and  the  perpetual 
wet  fogs,  like  small  rain,  freezing  as  they  settle  on  the  ice;  and 
their  being  so  deeply  immersed  under  water,  and  such  a  small  part 
above,  prevents  the  winds  having  much  power  to  move  them ;  for 
though  it  blows  from  the  north-west  quarter  near  nine  months  in 
twelve,  and  consequently  those  isles  are  driven  towards  a  warmer 
climate,  yet  the  progressive  motion  is  so  slow,  that  it  must  take  up 
many  years  before  they  can  get  five  or  six  hundred  leagues  to  the 
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sottthward ;  probably  some  hundreds  of  years  are  required ;  for 
they  cannot  wfH  di^soWe  before  they  come  between  the  60th  and 
40th  degree  of  latitude,  where  the  heat  of  the  sun  consuming  the 
upper  parts,  they  lighten  and  waste  in  time  ;  yet  there  is  a  perpe- 
(aai  supply  from  the  northern  parts. 

iPhiL  Trans.  Jbr.  \742. 

SECTION     VII. 

Extraordinary  Degree  of  Cold  at  Glasgow,  in  January  1780; 
with  Experiments  and  Observations  on  the  Comparative 
Temperature  of  the  Hoar-frost  and  Air  near  it,  made  at 
Macfarlane  Observatory  belonging  to  the  College. 

By  Patrick  Wilson,  M,A. 

Om  Tuesday,  January  11,  1780,  there  was  a  slight  frost,  and, 

on  the  e?ening  of  that  day,  a  fail  of  snow  to  the  depth  of  tweWe 

inches.   Next  day  the  cold  continued  to  increase,  but  so  gradually, 

that  at  sun.set  Fahrenheit's  thermometer  pointed  only  to  ^2^— • 

About  midnight,  a  very  accurate  thermometer,  hung  out  at  a  high 

north  window,  soon  after  pointed  to  6*".     S  t  this  time  the  air  was 

Tery  still  and  serene,  and  the  barometer  stood  at  30  inches. 

Thursday  morning,  January  13,  thermometer  pointed  as  here 
annexed : 

At  six  o'clock  this  morning  Mr.  W. 
carried  the  thermometer  over  to  theOb- 
teiratory  Park,  and  there  laid  it  down 
on  the  snow^  when  the  mercury  sunk 
to  IS*  below  O. 

At  this  time  he  thought  it  unneces- 
sary to  stay  abroad  so  long  in  the  cold 
u  to  try  the  temperature  of  the  air  by 
hanging  up  the  thermometers,  especL 

ally  as  he  imagined  that  this  had  been  done  more  readily,  and  as 
tmly,  by  taking  the  degree  from  the  surface  of  the  snow  which 
had  been  exposed  to  the  open  air  during  the  night:  but  reflecting 
afterwards  on  the  snow  at  the  observatory  being  so  much  below  0, 
the  greatest  cold  of  the  air  at  the  college,  and  haying  on  other 
occasions  found  a  difference  of  only  4"  at  most  in  air  at  these  two 
stations,  Mr.W.   was  led  into  a  suspicion  that  the  snow  might 
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perhaps  have  been  so  far  cooled  down  by  an  evaporation  at  tka 
surface.  With  a  view  to  this  opioion,  he  projected  the  experiment 
with  the  bellows  described  below,  by  which  he  was  not  withoot 
expectations  of  producing  a  still  more  remarkable  fall  of  the  ther* 
mometer  when  Ijing  on  the  snow.  All  the  afternoon  the  cold  was 
Tery  intense,  and  at  seven  o'clock  at  night  the  thermometer  at  the 
high  north  window  pointed  to  0.  At  eight  Mr.  W.  repaired  to  the 
observatory,  and  made  choice  of  a  station  at  a  sufficient  distance 
from  the  house,  and  to  the  windward,  as  a  light  air  was  felt  conu 
ing  from  the  east.  Here  he  laid  down  two  thermometers  on  the 
snow  with  their  balls  half  immersed,  and  hung  up  other  two  freely 
exposed  to  the  air  at  two  feet  and  a  half  above  the  surface.  In 
the  following  observations,  the  interruption  of  the  series  from  2| 
to  6^  o'clock,  was  owing  to  an  accident  having  befallen  one  of 
the  thermometers  while  the  other  was  employed  in  the  trials,  of 
which  an  account  is  subjoined. 

Thursday  evening,  January  13,  the  two  thermometers  pointed 
at  the  degrees  below  0,  as  in  the  following  table,  at  the  times 
annexed. 

Exper.  I.  At  half  past  one 
oVlock,  when  the  thermometer 
pointed  to  —  22%  tho  snow  contigu. 
eus  to  the  ball  was  blown  on  for  two 
minutes  by  a  pair  of  hand-bellows, 
held  with  the  pipe  nearly  horizon- 
tal, and  half  a  foot  above  the  surface 
of  the  snow.  The  bellows  had  been 
lying  out  on  the  snow  to  cool  from 
the  time  Mr.W,  first  came  over  ; 
and,  in  order  to  promote  their 
cooling,  they  were  now  and  then 
wrought  in  the  open  air.  Care  was 
also  taken  to  stand  to  leeward  of  the 
thermometer,  and  to  extend  the 
bellows  as  far  as  possible  from  the 
body  in  the  time  of  blowing.  He 
was  surprized  to  find  however, 
notwithstanding  all  the  precautions, 
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Hat  the  thermometer  at  the  end  of 

the  experiment  had  got  op  no  less 

than  10%  for  it  now  pointed  onlj 

to— 12*".     In  this  experiment  the 

noxzle  of  the  bellows  was  held  abont 

six  inches  from  the  thermometer, 

bnt  the  blast,  thoogh  moderate,  freqventlj 

from  thebalL 
Exper.  2.   At  half  past  two  o'clock, 

a  bread-basket   was  filled  with  snow, 

taken    np  near   the  ground   at  -f>  }A\ 

The  contents  being  relatiTelj  so  warm, 

the  basket  was  placed  to  leeward  of  the 

common  station,  and  the  thermometer 

laid  on  tne  surface  of  this  snow.     At 

the  seTeral  hours  in  the  morning,  the 

thermometer  on  the  basket  pointed  as 
annexed,  tiz. 

Rxper.  8.  At  four  in  the  morning, 
when  the  thermometer  in  the  basket  had 
got  down  to —  lG*j  a  piece  of  thin  fir 

plank  about  a  foot  square  was  laid  on 

the  snow,  on  which  was  placed  a  small 

plate  of  tin  which  accidentally  laj  at  hand.  On  this  was  laid  one 
of  the  thermometers  which  had  been  hanging  in  the  hir.  At  Urn 
seTeral  times  it  pointed  as  annexed. 

During  the  whole  time  not  a  cloud  was  per cei fable,  bnt  tibere 
wu  a  faint  haze  io  the  air  when  Tiewed  towards  the  horizon. 
There  was  little  or  no  tremor  in  the  atmosphere,  which  made  the 
stars  shine  with  a  /ull  and  steady  light  like  that  of  the  planets. 
Many  of  the  town's  people,  who  had  thermometers  hang  out  at 
their  windows  in  different  parts  of  the  town,  found  them  pointed 
seTeral  degrees  below  0  at  nine  o'clock  in  the  morning.  On  tho 
afternoon  of  this  day,  January  14,  the  air  bcfcame  much  warmer, 
and  the  barometer  had  now  fallen  4*10ths.  Next  day  a  thaw  came 
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As  the  aboTe  experiment  with 
the  Mlows  favoured  so  little  the 
opinion,  that  the  difference  of  tern, 
perature  was  caused  by  evapora. 
tion,  Mr.W.  wished  for  another 
opportunity  of  making  further  ex. 
periments,  and  of  inquiring  into  cir- 
cumstances still  more  attentiTelj. 
A  good  occasion  offered  on  Satur. 
day,  January  29.  The  frost, 
which  before  this  time  had  again 
returned,  became  on  this  night  very 
keen ;  and  a  good  deal  of  the  for. 
mer  snow  yet  remaining  on  the 
ground,  the  following  observations 
and  experiments  were  made  at  the 
observatory,  viz.  on  Sunday  morn, 
ing  January  23,  at  the  several  hours 
the  two  thermometers  pointed  as  in 
the  annexed  table. 

Ejper.4*  This  night  instead  of  blowing  on  the  snow,  Mr.W. 
fanned  it  by  means  of  a  sheet  of  brown  paper  fitted  to  the  end  of  a 
long  slender  stick.  This  apparatus  was  previously  cooled  by  lying 
on  the  snow,  and  in  fanning  he  took  care  to  stand  to  leeward  of  the 
thermometer.  The  effect  was,  that  the  mercury  rose  nearly  to 
the  same  degree  given  by  the  thermometer  in  air  at  the  same  time. 

Exper.  5.  At  |  past  one  o'clock,  when  the  thermometer  on 
the  snow  pointed  to  +  3%  it  was  screened  by  two  sheets  of  brown 
paper  set  up  on  their  edges,  and  so  inclined  against  each  other  as 
to  stand.  The  paper  had  been  previously  cooled  by  lying  on  the 
snow.  At  2J  the  thermometer  thus  sheltered  pointed  to  +  &'• 
This  experiment  was  afterwards  repeated  with  the  same  event. 

Exper.  6.  Mr.W.  next  went  up  to  the  leads  of  the  east  wing  of 
the  observatory.  Here  he  hung  a  thermometer  to  the  hook  of  a  long 
pole,*and  raised  it  in  the  air  about  twenty-four  feet  from  th^ 
ground,  and  at  the  same  time  inclined  the  pole  over  the  ballustrade| 
so  as  to  put  the  instrument  fully  to  windward  of  the  house.  Oo 
suddenly  lowering  the  pole,  after  half  an  hour,  and  examining  the 
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ttirrmo meter,  the  air  at  tbat  eleratiou  wai  fuuad  (o  Ite  pretty  coiu 
•Unlly  4*  warmer  than  at  the  iiatioii  below. 

Expcr.  7.  The  result  of  this  trial  appeared  more  remarkabU 
Ihao  any  thing  which  had  tiithi^rtg  occuired.  M.  W.  lowered  the 
pole  till  tile  thermoineter  wbs  lirouglit  down  within  half  a  foot  of 
Uie  ballustrade,  but  keeping  it  ttill  a  few  inchcB  la  windward  of 
th«  buildings ;  and  by  this  means  it  waa  found  that  the  air  here  was 
never  colder  than  -j-  10°.  On  the  baltustradc  there  happened  to 
be  aeverul  detached  bodies  which  had  attracted  a  rery  thick  hoar- 
frost. When  tlie  thermomeleT  wai  taken  otT  the  hook  of  the  pule, 
aai  laid  on  this  hoar.frost,  there  was  always  a  remarkable  fall  of 
the  mercDry,  not  less  than  6'.  fa  shifting  the  instrument  from  tha 
pole  to  the  balluflrade,  ii  wa;  commonly  laid  on  some  hoar-frost  j 
of  an  inch  deep,  which  h.id  settled  on  a  piece  of  thin  board  which 
had  been  for  years  exposed  to  the  weallicr.  Some  fragments  of  the 
hoar.frout  were  also  made  to  touch  the  upper  part  of  the  hall  ; 
which  WM  done  by  pushing  them  on  with  a  long  frozen  straw. 

Eiper.S.  When  the  thermome.  *iNigi,i.  'j;^^^  ^^'  '' 
ler,  taken  from  the  pole  as  in  last  At  9  .  .  +  5  .  ,  +  S 
eip«riineut,  was  laid  on  pieces  of  gj.  .    .  ^.  s  ,  .  4.    s 

ilon«,    from   which  llie  hoar.frost  10     .    ,  -^.  6  .  .  +    8 

had  been  brushed  away  for  some  IQi  .    .  -|-  1;  .  .  ^.  10 

lim*  before,  the  mercury  sunk  but  11     .    .  +  6  .  .  +    g 

>ery  little  by  such  a  changp  of  silo.  1 '  i  ■    -  +  S  .  .  +    8 

atioD.     Neit  night,  being  that  of  Jl     .    .  +  5  .  .  +    8 

Sunday  January  23,  the  thermo.  12|  .    .  -f  4  .  .  4,    7 

meters  were  placed  in  their  former  1  Mom.-f-  4  .  .  -J-    8 

ititioD  twiow,  when  they  pointed  as  1|  ,    ,  ^  4  ,   ,  ^    g 

annexed. 

From  these  observalion'<  it  appears,  that  the  cold  now  was  very 
moderate  when  compared  lo  that  of  the  14th,  and  somewhat  more 
moderate  thin  that  of  the  preceding  night.  Experiment  7lh  was 
■pin  rejienli'd  with  n  similar  result,  though  the  dilTerencu  of  tern- 
peratnre  «aj>  not  how  so  great.  This  night  Mr.W.  made  anirthir 
txperimf^i  with  a  view  to  the  cTaporntion,  not  so  liable  to  objec. 
tioDi  M  those  uf  the  bellows  and  the  fan,  as  follows. 

Ezper.  y.   When  the  therroomi.'ter  in  air  at  the  lower  stall 
had  cobtracied  a  considerable  film  of  frozen  mattfr  all  oTcr  I 
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ball,  it  was  swang  round  at  the  end  of  a  pack.thread,  about  a  3rard 
and  a  half  long.  On  stopping  the  motion  at  the  expiration  of  two 
Diinutes,  and  making  the  serrant  who  waited  approach  quickly 
with  a  lighted  candle,  he  found  the  mercury  had  got  up  S%.  In 
this  experiment,  which  was  repeated  four  times  with  the  same  re. 
suit,  care  was  always  taken  to  keep  the  instrument  to  windward  of 
their  bodies,  and  of  the  lighted  candle. 

The  two  following  experiments  afford  some  grounds  for  belieT. 
iag  that  no  kind  of  evaporation  was  going  on  at  the  time  the  re« 
markable  excess  of  cold  in  the  snow  and  hard  frost  was  observed* 

Expen  10.  On  Sunday  morning,  January  23,  before  one 
o'clock,  Mr.  W.  repeated  the  experiment  with  the  metal  speculum 
which  was  tried  here  in  1768.  A  large  spare  metal  of  a  2-foot 
telescope  was  laid  out  to  cool,  after  which  a  film  of  ice  was  impart- 
ed to  its  polished  surface  by  breathing  on  it  four  or  five  times.  It 
was  then  exposed  as  before,  and  in  half  an  hour  the  whole  film 
disappeared  In  the  way  of  evaporation.  But  when  the  experiment 
was  again  repeated,  and  a  thicker  film  imparted,  some  of  this,  to. 
wards  the  middle  of  the  speculum,  remained  fixed,  and  would  not 
go  off  after  long  exposure.  The  speculum  was  next  warmed,  and 
its  polished  surface  made  quite  clean,  and  then  laid  out  for  2^ 
hours.  Before  the  expiration  of  this  time  it  began  to  draw  frozen 
matter  from  the  air,  which  settled  all  over  the  polished  surface 
in  long  parallel  lines,  which  gradually  multiplied,  till  at  length  it 
was  mostly  covered  by  a  thin  film  resembling  a  spider*s  web. 

The  evaporation  shewn  in  the  first  part  of  this  experiment  was 
probably  owing  to  the  specvlum  not  having  been  sufficiently  cooled 
wh€u  the  film  was  first  communicated  to  it  from  the  lungs,  and  to 
its  being  further  heated  by  that  very  operation.  In  the  2d  part 
of  the  experiment  the  evaporation  seems  to  have  stopped  when  the 
heat  in  the  metal  which  favoured  the  process  was  exhausted ;  that 
is,  when  the  speculum  had  arrived  at  the  temperature  of  the  am. 
bient  air ;  for  after  that,  no  heat  could  pass  from  the  metal  in  order 
to  contribute  to  the  evaporation.  But  from  the  last  part  of  the  ex. 
periment,  the  true  disposition  of  the  air  at  that  time,  relative  to 
bodies  as  cold  or  colder  than  itself,  seems  to  be  determined,  namely, 
that  of  giving  out  or  depositing  hoar.frost. 

Exper.  11.  On  Sunday  night,  January  23,  several  things  were 
laid  out  at  the  observatory,  such  as  sheets  of  brown  paper,  pieces 
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of  boartls,  plates  or  mftal,  glasses  of  several  kinds,  &c.  wtiich  all 
began  to  r^ontracl  hoar-frost  sepmingly  as  soon  as  each  body  had 
lime  to  cool  dono  to  the  temperature  of  the  air.  The  sheets  of 
brown  paprr,  being  so  thin,  acquired  it  sounest,  and  when  t>eheld  in 
candle-light  they  became  beautifully  spangled  oter  by  iunumeralile 
reflrctions  from  the  small  crystals  of  hoar-frost  iThich  had  parted 
from  tbe  air.  Eiident  symptomt  of  the  same  tendency  of  the  air 
to  deposit,  occurred  on  all  tbe  former  nights  uf  obserring,  by 
«rhi«li  the  tabes  of  the  thermometers  were  so  miicl)  stained,  that  it 
rrqurred  some  attention  to  keep  that  part  trhich  correfiwnded  to 
the  scale  qaite  cli'nr. 

TlMSe  experiments  indeed  rather  farour  the  opinign  of  the  ex> 
cmV  of  cold,  at  present  treated  uf,  depending  on  a  principle  the 
very  rererse  of  era po ration.  But  till  opportuuities  otTer  in  this, 
or  in  a  colder  climate,  of  making  more  experiments,  it  will  be  too 
early  to  uy  any  thing  deciiiive  concerning  the  nature  or  extent  of 
a  cooling  process,  which  hns  so  recently  come  uader  obserration. 
All  that  can  at  present  be  affirmed  is,  that  in  certain  circumstances 
such  a  process  goes  on,  and  that  it  depends  probably  on  principles 
diflermt  from  eTaporation  or  chemical  solution.  At  the  same  time 
(otD«  of  the  nperiments  show  that  a  free  communication  between 
the  hoar-froast  and  external  air,  perhaps  while  tn  motion,  is  ne. 
Ksiary;  but  in  what  manner  this  promotes  the  refrigeratioD  does 
not  ■»  y*t  appear. 

It  would  be  going  too  far  were  we  to  conclude,  from  the  eiperi- 
nenta  related  ahore,  '<  that  very  cold  air  is  never  disposed  to 
deposit  its  contents  except  on  bodies  as  cold  or  colder  than  itself." 
And  yet  that  this  is  frequently  the  cuse  seems  probable  from  2 
nsmher  of  common  appearances.  We  often  find,  after  a  uight  of 
frost,  the  slates  and  other  thinner  parts  about  a  house  whitened 
with  hoar-frost,  when  the  walls  and  more  solid  parts  of  the  build, 
ing  tVBUjn  quite  free.  In  like  manner  the  smnller  branches  and 
twigf  of  trees  often  acquire  this  frozen  ornnment,  when  the  main 
branches  and  trunk  remain  naked  for  a  Ion*  time  ;  and,  in  genp. 
ral,  any  lliin  or  detached  body,  capable  of  being  easily  cooled,  at. 
tach*i  hoar.frost  the  soonest. 

In  favour  of  this  general  position,  the  following  remarkable  case 
lately  occurred.  Between  the  public  library  and  the  buildings  of 
tbe  new  court,  there  is  a  long  mil  composed  of  bars  of  cast  Iran, 
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but  diTided  into  two  parts  by  two  massy  stoie  pillars,  which  sappofi 
the  iron  gate-way  that  leads  into  the  garden.  The  bars  are  about 
six  feet  hiq;h,  and  an  inch  square,  and  fastened  with  lead  into^  a 
stone  parapet  below  in  the  usual  way.  A  few  bars  much  larger  are 
set  in  among  the  rest  at  regular  distances,  to  gl?e  the  rail  more 
stability.  On  Sunday  morning,  February  13,  when  there  was  a 
slight  frost  accompanied  with  a  fog,  it  was  entertaining  to  obserre 
how  the  hoar.frost  bad  settled  during  the  night  on  these  bars.  Very 
little  was  to  be  seen  on  the  flat  sides,  but  a  great  deal  on  the  angles, 
by  which  means  from  the  top  downward  erery  bar  was  garnished 
with  four  fringes,  which  made  the  whole  rail  look  rery  gay  and 
ornamental.  Running  the  eye  along  the  foot  of  the  bars  near  the 
parapet,  it  was  observed,  that  the  fringe  of  hoar-frost  on  the 
corners  stopped  short  about  twelre  inches  from  the  bottom,  and 
that  so  much  of  every  bar  was  entirely  free.  Two  bars  next 
the  house  and  two  next  the  library  were  likewise  perfectly  clear  of 
it  from  top  to  bottom.  One  bar  next  the  pillar  of  the  gate  was  quite 
free,  and  the  second  had  contracted  but  little.  The  same  thing 
precisely  may  be  said  of  the  two  bars  contiguous  to  the  other  piU 
lar.  And  it  was  also  observed,  that  the  few  thicker  and  stronger 
bars  was  less  fringed  at  the  corners  and  were  quite  free  mncb  Csr* 
ther  above  the  parapet  than  the  others. 

It  is  manifest,  that  during  the  night  the  air  surrounding  the  bars 
must  have  been  constantly  endeavouring  to  make  them  as  cold  as 
itself :  while  they,  on  the  other  hand,  resisted  this  change  by  draw* 
ing  heat  from  every  neighbouring  source  which  offered  it,  namelji 
from  the  parapet,  from  the  pillars  in  the  middle,  and  from  the  piL 
lars  at  both  ends  immediate  adjoining  the  library,  and  to  the  house 
in  the  new  court :  for  these  bodies,  from  their  great  bulk,  must 
have  been  but  very  little  cooled  in  the  course  of  the  night.  Where* 
ever  the  air  seems  to  have  got  the  better  in  this  struggle,  as  at  tlis 
angles  of  the  bars,  which  evidently  must  be  the  parts  the  soooesi 
cooled,  there  we  find  that  the  hoar.frost  was  deposited,  but  119 
%f  here  else. 

Several  other  instances  were  found  quite  of  the  same  kind  witk 
that  of  the  rail.  Among  the  rest,  a  figure  of  a  unicorn  in  th$ 
stone,  which  stands  within  the  college,  had  resisted  the  attacks  of 
the  air  all  to  the  tip  of  his  horn,  which  accordingly  was  th^  obI/ 
part  distinguished  by  a  patch  of  hoar.frost.    Besides  this  kind  of 
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boar.frost  which  joined  itself  to  bodies  by  a  regular  arrangement, 
there  was  some.of  a  diflferent  sort  found  on  the  uppermost  surface 
of  such  bodies  as  were  fully  exposed  to  the  open  air.  But  this  aU 
wajs  lay  scattered  like  very  thin  flakes  of  meal,  or  hair.poNfder, 
tod  was  found  to  proceed  from  minute  parts,  mostly  columnar, 
prefionsly  formed  in  the  air,  falling  down  by  their  own  graTity* 

IPhil.  Trans.  Abr.  Vol.  xIt. 
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EVAPORATION. 


Wb  found  reason  to  conclude,  in  the  preceding  chapter,  that 

the  water  of  the  atmosphere  exists  in  the  state  of  vapour.     We 

«rt  indebted  to  the  experiments  of  Saussure  and  Doluc  for  much 

of  our  knowledge  of  the  qualities  of  vapour.     It  is  an  elastic 

iofisible  fluid  like  common  air,  but  lighter  ;  bein^  to  common  air 

of  the  same  elasticity,  aecording  to  Saussure,  as  10  to  14,  or, 

leoording  to  Kirwan,  as  10  to  12.     It  cannot  pass  beyond  a  cer. 

tiia  maximum  of  density^   without  a  corresponding  increase  of 

ttopentnre,  otherwise  the  particles  of  water  which  compose  it 

uute  together^  and  form  small  visible  particles,  called  vesicular 

9§pour;  which  is  of  the  same  specific  gravity  with  atmospherical 

iir.    It  is  of  this  vapour  that  clouds  and  fogs  are  composed. 

Thu  mazimam  increases  with  the  temperature ;  and  at  the  heat 

if  boUiog  water  is  so  great,  that  steam  can    resist  the   whole 

prtitart  of  the  air,  and  exist  in  the  atmosphere  in  any  quantity. 

We  hare  seen  formerly,  that  when  water  is  heated  to  212%  it 
Imla,  and  is  rapidly  converted  into  steam;  and  that  the  same 
cbnge  takes  place  in  much  lower  temperatures  ;  but  in  that  case 
the  efaporation  b  slower,  and  the  elasticity  of  the  steam  is  smaller. 
As  a  Tery  considerable  proportion  of  the  earth's  surface  is  covered 
witk  water,  and  as  this  water  is  constantly  evaporating  and  mixing 
with  tba  atmosphere,  in  the  state  of  vapour,  a  precise  determina. 
tiooof  the  rate  of  evaporation  must  be  of  great  importance  in 
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meteorology.  A  ccordingly  many  experiments  haTe  been  made  to 
determine  the  point  by  diflfereot  philosophers.  No  person  hu 
succeeded  so  completely  as  Mr.  Dalton.  Bat  many  carious  par- 
ticulars had  been  previousty  ascertained  by  the  labours  of  Ridb* 
man,  Lambert,  Wallerius,  I>;idenfrost,  Watson,  Saussure,  Delac» 
Kirwan,  and  others, 

1.  The  eraporation  is  confined  entirely  to  the  surface  of  d» 
iRIiter :  hence  it  is  in  all  cases  proportional  to  the  surface  of  tk 
water  exposed  to  the  atmosphere.  Much  more  rapour  of  count 
rises  in  maritime  countries,  or  those  interspersed  with  lakes,  ih/m 
in  inland  countries. 

9.  Much  more  Taponr  rises  during  hot  weather  than  during  ooU 
weather.  Hence,  the  quantity  eTaporated  depends  in  some  met* 
sure  npon  temperature.  The  precise  law  has  been  happily  dii* 
eoTered  by  Mr.  Dalton.  This  philosopher  took  a  cylindricd 
▼eesel  of  tin,  whose  diameter  was  3^  inches,  and  its  depth  f{ 
inches;  filled  it  with  waiter,  and  kept  it  just  boiling  for  sent 
time.  The  loss  of  weight  in  the  minute  was  30  grains,  when  tiM 
experiment  was  made  in  a  close  room  without  any  draught  of  air; 
35  grains  when  the  Tessel  was  placed  orer  fire  in  the  usual  firs* 
place,  there  being  a  moderate  draught  of  air,  and  the  room  dost; 
40  with  a  brisker  firo,  and  a  stronger  draught;  and  when  tiM 
draught  was  very  strong,  he  supposes  the  eraporation  iDi|^ 
amount  to  60  grains  in  the  minute.  At  the  temperature  of  ISfff 
the  quantity  eTaporated  was  |  of  what  was  lost  at  212^. 

At  164  it  was  |  of  that  at  212\ 

152 1 

144 ^ 

138.. ....i 

And  in  general  the  quantity  eraporated  from  a  giTen  surface  rf 
water  per  minute  at  any  temperature,  is  to  the  quantity  eraportlri 
from  the  same  surface  at  212%  as  the  force  of  raponr  at  the  M 
temperature  is  to  the  force  of  Tapour  at  ^l^\    Hence,  in  Ofdflr 
to  discover  the  quantity  which  will  be  lost  by  evaporation  froi^ 
water  of  a  given  temperature,  we  have  only  to  ascertain  the  Unc^ 
of  vapour  at   that  temperature.     And   by  such  examinatioo  w# 
shall  see  that  the  presence  of  atmospheric  air  obstructs  the  evapo* 
ration  of  water;  but  this  resistence  is  overcome  in  proportion ^ 
the  force  of  the  vapour. 
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S.  The  qoantity  of  fapour  which  rises  from  water,  even  when 
the  tenperatore  is  the  same,  Taries  aecordiog  to  circumstances. 
It  19  least  of  all  in  calm  weather,  greater  when  a  breeze  blows, 
and  greatest  of  all  with  a  strong  wind.  The  following  Table, 
drawn  op  by  Mr.  Dalton,  shows  the  quantity  of  vapour  raised 
from  a  circular  surface  of  six  inches  in  diameter  in  atmospheric 
teoiperatnres.  The  first  column  expresses  the  temperature ;  the 
iecond|  the  corresponding  force  of  vapour ;  the  other  three  co. 
loans  give  the  number  of  grains  of  water  that  would  be  evapo* 
rated  from  a  surface  of  six  inches  in  diameter  in  the  respective 
ttaperatures,  on  the  8up|>osi(ion  of  there  being  previously  no 
aqoeoos  vapour  in  the  atmosphere.  These  columns  present  the 
cxtremet  and  the  mean  of  evaporation  likely  to  be  noticed,  or 
■eorly  tncb ;  for  the  first  is  calculated  upon  the  supposition  of  35 
grains  loss  per  minute  from  the  vessel  of  3^  inches  in  diameter ; 
the  leoond  45,  and  the  third  55  grains  per  minute  *. 
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Force  of  Vap. 
in  Inch. 

30 

1      Evaporating  Force  in  Grains. 

j       120 

164 

189 

90 

•129 

i        -52 

•67 

•82 

21 

•134 

•54 

•69 

•85 

W 

•139 

•56 

•71 

•88 

33 

•144 

•58 

•73 

•91 

24 

•150 

•60 

•77 

•94 

25 

•156 

•62 

•79 

•97 

26 

•162 

•65 

•82 

l'J2 

27 

•168 

•67 

•86 

1^05 

28 

•174 

•70 

•90 

110 

29 

•180 

•72 

•93 

M3 

30 

•186 

•74 

•95 

1^17 

31 

•193 

•77 

•99 

1-21 

32 

•200 

•80 

1-03 

1-26 

33 

•207 

•83 

1*07 

1-30 

34 

•214 

•86 

1-11 

1-35 

35 

•221 

•89 

1*14 

1*39 

36 

•229 

•92 

M8 

1-45 

37 

•237 

•95 

1-22 

1-49 

38 

•245 

•     ^98 

1-26 

1^54 

39 

•254 

1^02 

1-31 

1-60 

40 

•263 

1-05 

1-35 

1-65 

«  Maocheiter  Memoin*  ▼.  584. 
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214' 

30 

F.«pora 

iD|;  Force  i 

BCraiM. 

140 

154 

189 

41 

473 

1-09 

i-40 

1-71 

42 

S83 

1-13 

1-45 

1-78 

43 

494 

1-18 

1-51 

1-85 

44 

305 

1-44 

1-57 

1-93 

4i 

316 

1-28 

1-64 

1-99 

46 

327 

1-31 

1-68 

2-06 

47 

339 

1  36 

1-75 

2-13 

48 

351 

■  ■■lO 

1-80 

4-40 

4& 

363 

1-45 

1-86 

4-28 

50 

375 

1*50 

1-92 

2-38 

£1 

388 

1-55 

1-99 

2-44 

53 

401 

1-60 

406 

4-51 

53 

415 

1-66 

2-13 

2-61 

54 

429 

1-71 

2-ao 

4'69 

55 

443 

1-77 

3.28 

4-78 

56 

458 

183 

2-35 

2-«8 

57 

474 

I-ilO 

2-43 

4-98 

5S 

4D0 

1-96 

2-54 

3-08 

59 

507 

403 

4-81 

3*19 

60 

524 

410 

2  70 

3-30 

61 

542 

417 

2-79 

3-41 

Hi 

560 

4-44 

2-88 

3-52 

as 

578 

2-31 

4-97 

3-63 

64 

57B 

2-39 

3  07 

376 

65 

6IG 

2-46 

3-16 

3-87 

06 

635 

2-54 

3-27 

3-99 

67 

655 

2-62 

3-3? 

4-12 

68 

676 

2-70 

3-47 

4  24 

fiS 

098 

2-79 

3-59 

4-38 

70 

741 

4  as 

3-70 

4-53 

71 

745 

4-98 

3  83 

4-68 

72 

7ro 

308 

3  96 

4-84 

73 

798 

3-tS 

4-09 

500 

74 

833 

3-49 

4-43 

5-17 

75 

851 

3-40 

4-37 

5-34 

78 

880 

3-62 

4-54 

5-53 

77 

910 

3-65 

4-88 

6  ■72 

78 

940 

3-76 

4-83 

5-91 

79 

971 

3-88 

4-99 

610 

80               > 

00 

4-00 

5-14 

6  29 

81              i 

04 

416 

5-35 

6-54 

82               1 

07 

4 -28 

5  50 

6-73 

83              1 

10 

4-40 

5  6B 

6-91 

84              1 

14 

4'SS 

5-86 

717 

85              1 

17 

4*68 

6-07 

7-46 
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4.  Such  is  the  quantity  of  Ttpoor  which  would  rite  in  different 
ctrcnnstaoces  on  the  supposition  that  no  Tapour  preTiously  ezitted 
hi  the  atmosphere.     But  this  is  a  supposition  which  can  neter  be 
•dntttedy  as  the  atmosphere  is  in  no  case  totallj  free  from  tapour. 
h  has  been  shown   in  what  manner  the  force  of  the  Tapour^ 
txisting  in  the  atmosphere,  may  be  detected  by  the  use  of  Mr. 
Dilton's  rery  simple  apparatus.     Now  when  we  wish  to  ascertain 
^  rate  at  which  eTaporation  is  going  on,  we  have  only  to  find 
tke  force  of  tlie  Taponr  already  in  the  atmosphere,  and  subtract  it 
(torn  the  force  of  vapour  at  the  given  temperature.    The  remainder 
ghres  us  the  actual  force  of  evaporation;   from  which,  by  the 
Table,  we  readily  find  the  rate  of  evaporation.    Thus,  suppose  we 
visk  to  know  the  rate  of  evaporation  at  the  temperature  59^. 
From  the  Table  we  see  that  the  force  of  vapour  at  59®  is  0*5,  or 
n^  its  force  at  212®.     Suppose  we  find  by  trials  that  the  force  of 
^  npour  already  existing  in  the  atmosphere  is  0*25,  or  the  half 
of  ^th.    To  ascertain  the  rate  of  evaporation,  we  must  subtract 
tile  0*35  from  OS  ;  the  remainder  0*26  gives  us  the  force  of  era* 
poratioii  required ;  which  is  precisely  one*half  of  what  it  would 
be  iLdo  vapour  had  previously  existed  in  the  atmosphere. 

By  the  Table  we  see^  that  on  that  supposition  a  surface  of  six 

iBcbes  diameter  would  loose  one  grain  by  evaporation  per  minute, 

itttead  of  two  grains,  which  would  have  been  converted  into 

vipear  if  no  vapour  had  previously  existed  in  the  atmosphere.     If 

tk  force  of  the  vapour  in  the  atmosphere  had  amounted  to  0*5^ 

vkich  is  equal  to  the  force  of  vapour  at  the  temperature  of  59®, 

ii  that  case  no  vapour  whatever  would  rise  from  the  water :  and  if 

^  force  of  the  vapour  already  in  the  atmosphere  exceeded  0*5, 

liitead  of  evaporation,  moisture  would  be  deposited  on  the  surfaco 

cf  the  water. 

Thett  general  observations,  for  all  of  which  we  are  indebted  to 

Mr.Dalton,  account  in  a  satisfactory  manner  for  most  of  the 

which  had  puzzled  preceding  philosophers ;  and  includo 

Hieai  the  less  general  laws  which  they  had  discovered.     Wo 

consider  the  discoveries  of  Mr.  Dalton  as  the  most  important 

additions  made  to  the  science  of  meteorology  for  these  many  years. 

6*  Ai  the  force  of  the  vapour  actually  in  the  atmosphere  Is 

oqual  to  the  force  of  vapour  of  the  temperature  of  the 

k3 
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atmosphere,  eTaporation,  with  a  few  exceptions^  may  bo  con- 
•idered  as  constantly  going  on. 

Various  attempts  have  been  made  to  ascertain  the  quantity 
oTaporated  in  the  course  of  a  year ;  but  the  difficulty  of  the  pro. 
blem  it  so  great,  that  we  can  expect  only  an  approximatioo 
towards  a  solution.  From  the  experiments  of  Dr.  Dobsoo  of 
Liyerpool,  in  the  years  1772,  1773,  1774,  and  1775,  it  appears^ 
that  the  mean  annual  evaporation  from  the  surface  of  water 
amounted  to  36*78  inches  *•     The  proportion  for  every  month  wis 

the  following : 

Inches.  Inches. 

January. 1*50  July 5*11 

February 1*77  August 5*01 

March 2  64  September 3*18 

AprU 3*30  October 2*51 

May  •••• 4*34  November 1*51 

June 4*41  December 1*49 

Mr.  Dalton  found  the  evaporation  from  the  surface  of  water,  In 
one  of  the  driest  and  hottest  days  of  summer,  rather  more  than 
0*2  of  an  Inch. 

If  we  believe  Mr.  NViUiams,  the  evaporation  from  the  surfaS  of 
land,  covered  with  trees  and  other  vegetables,  is  one.third  greater 
than  from  the  surface  of  water ;  but  this  has  not  been  confirmed 
by  other  philosophers.  From  his  experiments  f  it  appears,  that 
In  Bradford,  in  New  England,  the  evaporation  during  1778 
amounted  to  42*65  inches.  But  from  the  way  that  his  experi- 
ments were  conducted,  the  amount  was  probably  too  great. 

From  an  experiment  of  Dr.  Watson,  made  on  the  2d  of  Jone 
1779,  after  a  month's  drought,  it  appears  that  the  evaporatkNli 
from  a  square  inch  of  a  grass  plot,  amounted  to  1*2  grains  in  an 
hour,  or  28*8  grains  in  24  hours,  which  is  0*061  of  an  Inch.  In 
another  experiment  after  there  had  been  no  rain  for  a  week^  the 
heat  of  the  earth  being  110^,  the  evaporation  was  found  almost 
twice  as  great,  or  ==  0*108  of  an  inch  in  the  daj  %.  The  mean  of 
these  two  experiments  Is  0*084  inches,  amounting  for  the  whok 

*  Phil.  Tram.  Tol.lxvii.— Daltoo,  Manchester  Memoirsy  v. 358. 

•f  TraoB.  Philad.  ii.  IS5. 

t  Watson*!  Chemical  £anys.  Hi.  54. 
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■oath  «f  Auie  im  9*09  inches.  If  we  suppose  this  to  bear  the 
um»  proportioB  to  the  whole  year  that  the  e? aporation  in  Dr«. 
Oohson's  experiments  for  June  do  to  the  annual  evaporation,  we 
shall  obtain  an  annaal  eTaporation  amounting  to  about  %%  inches. 
This  if  much  smaller  than  that  obtained  by  Mr.  Williams.  But 
Dr.  Watson's  method  was  not  susceptible  of  precision.  He  col. 
Iccted  the  vapour  raised  on  the  inside  of  a  drinking- glass  ;  but  it 
was  impossible  that  the  glass  could  condense  much  more  than  «ne 
Uf  of  what  did  rise,  or  would  have  been  raised,  in  other  cir. 
camstances.  But  to  counterbalance  this,  the  experiments  were 
■ada  in  the  hottest  part  of  the  day,  when  much  more  vapour  is 
raised  than  during  any  other  part  of  it. 

The  most  exact  set  of  experiments  on  (he  evaporation  from 
earth  was  made  by  Mr.  Dalton  and  Mr.  Iloyle  during  1796  and 
the  two  succeeding  years.  The  method  which  they  adopted  was 
this.  Having  got  a  cylindrical  vessel  of  tinned  iron,  10  inches  in 
diameter,  and  three  feet  deep,  there  were  inserted  into,  it  two 
pipes  toraed  downwards  for  the  water  to  run  off  into  bottles :  The 
one  pipe  was  near  the  bottom  of  the  vessel ;  the  other  was  an  inch 
from  the  top.  The  vessel  was  filled  up  for  a  few  inches  with  gravel 
and  sand,  and  all  the  rest  with  good  fresh  soil.  \i  was  then  put 
lato  a  hole  in  the  ground,  and  the  space  around  filled  up  with 
earth,  except  On  one  side,  for  the  convenience  of  putting  bottles 
to  the  two  pipes ;  then  some  water  was  poured  on  to  sodden  the 
earth,  and  as  much  of  It  as  would  was  suffered  to  run  through 
without  notice,  by  which  the  earth  might  be  considered  as  satu* 
filed  with  water.  For  some  weeks  the  soil  was  kept  above  the 
level  of  the  upper  pipe,  but  latterly  it  was  constantly  a  little  below 
ili  which  precluded  any  water  running  off  through  it.  For  the 
f  nt  year  the  soil  at  top  was  bare ;  but  for  the  ivio  last  years  it 
was  covered  with  grass  the  same  as  any  green  field.  Things  being 
Ihoi  circumstanced,  a  regular  register  was  kept  of  the  quantity  of 
lain^water  that  ran  off  from  the  surface  of  the  earth  through  the 
upper  pipe  (whilst  that  took  place),  and  also  of  the  quantity  of 
that  which  sunk  down  through  the  three  feet  of  earth,  and  ran  uut 
through  the  lower  pipe.  A  rain-guage  of  the  same  diameter  was 
kept  close  by  to  find  the  quantity  of  rain  for  any  corresponding 
time.  The  weight  of  the  water  which  ran  through  the  pipes  being 
sabtracted  from  the  water  in  the  rain-guage,  the  remainder  was 

&4 
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GonsiderM!  at  the  neight  of  the  witer  evaporated  from  the  earth  il 
the  TEsael,  The  folloning  Table  exhibila  (he  mean  aiinuBl  reu 
of  these  experiments*. 


Wiiter  Ih.oiigh  ihe  i»n  PI 

Mean 

Mr»M 

In.l.. 

Incb. 

Vlrtu.  Inch. 

Rain 

E^p.  II 

i:96 

1797. 

1799. 

,.,h. 

I 

Faimary    1-RS7— 

•680-- 

1'774+ 

1-450+ 

2-458 

1-ooi 

1 

Feb....   1-778— 

-918— 

1-122 

1  273 

P801 

•5a  ■ 

March..     '431— 

■070— 

■335 

■278 

■009 

•6^ 

April.,     -aao— 

■S95— 

-180 

■232 

I-7I7 

1-489 

May. . . .  9-047— 

3-443-1- 

■010 

1-493+ 

4-177 

3-s4 

lane....    -ITt— 

•?30 

.^_ 

•i99 

2-48; 

sisfH 

lulv....    -153— 

•025 



■050 

4-15'] 

4-0«t 

AnpiiL.  ■ 

. 

■504 

•168 

3-554 

3'38( 

Sep.....   

•976 

. 

•325 

3-278 

2 '954 

October    

■680 



■217 

2'89i 

2-67! 

N«»....   

1^044 

1  594 

•879 

2-83J 

205i 

Dec . . .     -SOO 

3-077 

1-878+ 

1-718+ 

3-202 

■  •484 

B-877— 

10-834— 

7-378 

8-402 

33-56d£ia5i 

aaiD . .  30-629— 

38-7Bi— 

31-2&9 

i 

Evap..  23-725- 

27-857— 

23-862 

From  tliese  ext)*rim»nts  it  spp^ais,  that  the  qiiantJI)'  of  a 
raised  annually  at  Maacbc&ter  is  aboul  25  inchn:  if  lo  this  »»  I 
add  Gto  inches  for  the  dtw,  with  Mr.  Daltoii,  it  will  make  ikc  | 
annual  eraporalioii  30  inchei.  Now  if  we  consider  the  sttuali* 
of  England,  and  the  greater  quantity  of  fapoiir  raispd  from  « 
it  will  not  surely  be  ronsidi-reil  as  too  gr<.-at  an  allowance  if  a 
estimate  the  mean  anaual  evaporation  orer  the  whole  surface aj 
the  globe  at  35  inches.  Now  35  Inches  from  every  square  inch  m 
the  superficies  of  the  globe  make  94,450  cubic  miles,  equal  to  d 
water  annually  evaporated  over  the  whole  globi-. 

Were  this  prodij^ioua  mass  of  water  all  to  subsist  in  the  alw 
sphere  at  once,  it  would  Increase  its  mass  by  about  a  twelfth,  i 
false  the  barometer  nearly  three  inches.     But  this  never  bappenll 
fo  day  puses  without  rain  in  some  pari  of  tbe  earth  ;  so  thai  p 
of  the  evaporated  water  is  constantly  preci|iitated  ajain. 
il  would  be  impossible  for  the  whole  of  the  evaporated  water  & 
■ubcist  in  the  atmosphere  at  once,  at  least  in  the  slate  of  vapour. 


>  Mauthwter  Mcoioin,  i 


p.  360. 
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the  stnte  near  Um  tqriMe  of  dK  cutk. 
bj  Saa$sore  and  Deliic,  vho  aieauoBS 
At  some  height  above  the  tops  of 
pfohahly  still  drier;  for  it  was  observed  both  br 
Delocy  that  OQ  the  tops  of  BooBtaias  the  mmOMn  of  the  air  mm 
lather  less  dariog  the  night  thas  the  daj.  And  there  caa  he  Mide 
dovbt  that  everjr  stratam  of  air  drirgadi  a  little  lover 
light  than  it  was  dariag  the  daj,  owiag  to  the  ceeCiag 
tesiiig  of  the  stratam  nearest  the  earth.  Vapaws, 
■BSt  ascend  Terj  high,  for  we  see  doads  fonaii^  far 
tops  of  the  highest  moantains. 

The  exact  cause  of  eraporatioa,  hovcrer,  is  stS  doahtffaL 
The  chief  theories  are  those  of  resicwlar  eapoar ;  solaticwi  ia  air ; 
electricitf,  RichaMo,  in  the  St.  Petersbargh  Memoirs,  tUaks  the 
tvaporaden  nearly  in  proportioo  to  the  temperatwre.  FraaUm 
concelfes  (hat  efiporation,  properly  so  called,  is  a  so]i;tM  of 
water  in  air,  bot  that  water  or  dast  msj  be  sappoited  in  the  air 
\j  adhesion.  PhiL  Trans«  1765.  Dengaliers  be!ieves,  ttat 
poor  may  be  raised  hj  electric  attiacdoB  in  the  air.  He 
the  specific  graritj  of  steam  tAvvj  fromobserratioas  bj  Bcighton 
aad  himself;  or  ttttt  ^^^  Nieowentjt's  expeiimeuu  on  the 
(olipile :  and  hence  infers,  that  Tapoor  in  summer  heat  shoald  be 
iboat  xitf  ^  dense  as  water,  and  shoald  therefore  ioat  in  air. 
Bat  from  his  own  experiments  the  specific  graritj  shoald  be  aboaC 
ife  times  as  great. — PhiL  Trans.  Rep.  of  Arts. 

Eelesy  Phil.  Trans  1775,  contends  against  the  existence  of  teri. 
eilar  vapour,  in  faronr  of  electrical  atm<»sphere«.  Monge 
espoused  the  tame  side  of  the  question  :  as  did  Ravon,  Mancfa. 
Hem.  i.  395.  Darwin,  in  remarkins:  on  Eet(S*s  opinions,  Phil. 
Trans.  1757,  supposes  that  the  particles  of  rapoar  are  real  steam, 
bat  incapable  of  communicating  their  heat,  perhaps  ou  accoont  of 
some  motion.  Hamilton  objects  both  to  Tesicles  and  to  fixed  fire, 
and  maintains  the  doctrine  of  solution  in  air.     Phil.  Trans.  1705. 

Deluc,  Phil.  Trans.  179^,  maintains  that  rapour  exists  in  air 
precisely  as  in  a  Tacuum,  the  distance  at  which  its  particles  can 
lemain  without  uniting  with  each  other  being  determined  only  by 
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the  temperature,  and  not  being  affected  by  the  interposition  of 
air.  Wf  rnon,  in  Mem.  Goth.  vi.  1.  opposes  Delac's  theory :  and 
both  has  ascertained,  by  many  experiments,  that  the  pressure  of 
air  is  indifferent  to  the  quantity  of  ?apour. 

Professor  Parrot  considers  the  moisture  contained  in  air  as 
existing  in  two  distinct  states,  of  chemical  and  of  physical  Ta*- 
pour :  he  thinks  the  chemical  vapour  is  sustained  merely  by  the 
oxygen  gas  contained  in  the  air,  and  that  it  is  precipitated  in  con* 
sequence  of  the  diminution  of  the  oxygen  ;  and  the  physical  faponr 
he  supposes  to  be  merely  interposed  between  the  interstices  of  the 
elastic  particles  of  air,  and  retained  in  its  situation  by  heat :  that 
the  chemical  solution  of  water  or  ice  resembles  oxidation,  but  that 
no  physical  e?aporatiou  can  take  place  under  the  freezing  point. 
Mr.  Parrot  builds  his  theory  principally  on  eudiometrical  expert- 
mcnts  with  phosphorus,  which  are  attended  with  a  copious  preci- 
pitation, while  the  absorption  of  oxygen  seems  also  to  be  much 
accelerated  by  the  presence  of  water ;  but  these  experiments  do 
not  appear  to  be,  by  any  means,  decisiTe  in  favour  of  Mr.  Parrot's 
theory.  The  same  paper  contains  a  proposal  for  inoculating  the 
clouds  with  thunder  aud  lightning,  by  projecting  a  bomb  to  a  suffi* 
cient  height. 

Ualley  calculated  that  the  evaporation  of  the  Mediterranean  in 
a  summer's  day  is  5280  million  tuns,  and  that  the  nine  principal 
rivers  furnish  only  1KJ7  millions.  But  the  experiment  on  evapo. 
ration  was  made  on  a  surface  too  small  for  the  comparison. 

The  quantity  of  invisible  moisture,  contained  in  air,  may  he^  In 
some  degree,  estimated  from  the  indications  of  hygrometers,  al- 
though these  instruments  have  hitherto  remained  iu  a  state  of  great 
imperfection.  A  sponge,  a  quantity  of  caustic  potash,  or  of 
sulphuric  acid,  or  a  stone  of  a  peculiar  nature,  has  sometimes 
been  employed  for  determining  the  degree  of  moisture  of  the  air, 
from  which  it  acquires  a  certain  augmentation  of  its  weight.  A 
cord  dipped  in  brine,  or  the  beard  of  an  oat,  is  also  often  used 
for  the  same  purpose :  the  degree  in  which  it  untwists,  from  the 
effe^ct  of  moisture,  being  shown  by  an  index.  But  the  extension  of 
a  hair,  or  of  a  slip  of  whalebone,  which  have  been  employed  by 
Saussure  and  Delnc,  appear  to  be  more  certain  and  accurate  io 
their  indications.  The  air  hygrometer  acquires  more  speedily  the 
degree  corresponding  to  any  given  state  of  the  air,  but  it  seems  to 
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reach  the  utmost  extent  of  its  scale  before  it  arrifes  at  perfect 
hamiditj ;  while  the  whalebone  hygrometer  appears  to  express  a 
greater  change  upon  immersion  in  water  than  from  the  effect  of 
the  moistest  transparent  air,  which  has  also  bein  considered  bj 
some  as  an  imperfection.  Both  these  instruments  are  impaired  by 
time,  and  acquire  contrary  errors,  so  that  a  mean  between  both  ia 
more  likely  to  be  correct  than  either  separately.  Their  inclica* 
tions  are  at  all  times  widely  different  from  each  other,  and  the 
mean  appears  to  approach  much  nearer  to  a  natural  scale  than 
cither  of  tihem. 

Editob. 


CHAP.  XXXIX. 

fORMATION  AND  NATURE  OF  DEW,  MIST,  FOOS, 
CLOUDS,   RAIN,  SNOW,  AND  HAIL, 


SECTION  I. 

General  Remarks. 

VV  HRN  Tisible  vapour  has  been  deposited  from  transparent  air,  by 
meaas  either  of  cold  or  of  some  other  cause,  it  generally  remains  for 
some  time  suspended,  in  the  form  of  a  mist  or  of  a  cload  :  some* 
tines,  however,  it  appears  to  be  at  once  deposited  on  the  surface 
of  a  solid,  in  the  form  of  dew  or  of  boar  frost ;  for  it  is  not  pro* 
table  that  the  chrystalllzed  form,  in  which  hoar  frost  is  arranged, 
can  be  deri? ed  from  the  union  of  the  particles  already  existing  in 
tile  air  as  distinct  aggregates. 

The  dew,  which  is  commonly  deposited  on  Tegetables,  is  partly 
derived,  in  the  evening,  from  the  vapours  ascending  from*  the 
heated  earth,  since  it  is  then  found  on  the  internal  surface  of  a 
bell  glass ;  and  towards  the  morning,  from  the  moisture  descend. 
iDg  from  the  air  above,  as  it  begins  to  cool.  Sometimes,  however, 
in  warmer  weather,  the  dew  begins  to  descend  in  the  e?euing ; 
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thii  the  French  call  serein:  the  humidity  deposited  bjmistfOtt 
trees,  and  by  moist  air  on  windows,  generally  withiD,  but  some- 
times without,  they  call  givre. 

It  is  well  known  that  dew  is  often  deposited  on  glass,  whea 
metals  in  its  neighbourhood  remain  dry;  Mr.  Pr^TOSt  has  how- 
ever discovered  some  new  and  curious  facts  relative  to  this  deposi- 
tion. When  thin  plates  of  metal  are  fixed  on  pieces  of  glass,  it 
sometimes  happens  that  they  arc  as  much  covered  with  dew  as  the 
glass  itself:  but  more  frequently  they  remain  dry ;  and  in  this  case 
they  are  also  surrounded  by  a  dry  zone.  13at  when  thsN^ther  side 
of  the  glass  is  exposed  to  dew,  the  part  which  is  opposite  to  the 
metal  remains  perfectly  dry.  If  the  metal  be  again  covered  with 
glass,  it  will  lose  its  effect  in  preventing  the  deposition. 

These  experiments  may  be  very  conveniently  made  on  the  glass 
of  a  window,  when  moisture  is  attaching  itself  to  either  of  its 
surfaces;  Mr.  Prevost  remarks  that  it  often  happens  that  dew  b 
deposited  externally,  even  when  the  air  within  u  warmer  tliaa 
without.  A  plate  of  metal  fixed  internally  on  the  window  receives 
a  larger  quantity  of  moisture  than  the  glass,  while  the  space  op. 
posite  to  an  external  plate  remains  dry :  and  if  the  humidity  b 
deposited  from  without,  the  place  opposite  the  internal  plate  is 
also  more  moistened,  while  the  external  plate  remains  dry:  and 
both  these  circumstances  may  happen  at  once  with  the  same  result 
A  small  plate  fixed  extt-nially,  opposite  to  the  middle  of  the  inter* 
nal  platp,  protects  this  part  of  the  plate  from  receiving  mobtoie, 
and  a  smaller  piece  of  glass,  fixed  on  the  external  plate,  produces 
again  a  central  spot  of  moisture  on  the  internal  one  :  and  the  same 
changes  may  be  continued  for  a  number  of  alternations,  until  the 
whole  thickness  becomes  more  than  half  an  inch.  Gilt  paper, 
with  its  metallic  surface  exposed,  acts  as  a  metal,  but  when  Che 
paper  only  is  exposed,  it  has  no  effect.  When  a  plate  of  metal, 
on  which  moisture  would  have  been  deposited,  is  fixed  at  a  small 
distance  from  the  glass,  the  moisture  is  transferred  to  the  surfaoe 
of  the  glass  immediately  under  it,  without  affecting  the  metal:  if 
this  plate  is  varnished  on  the  surface  remote  from  the  glass,  the 
effect  remains,  but  if  on  the  side  next  the  glass,  it  is  destroyed. 
The  oxidation  of  metals  renders  them  also  unfit  for  the  experi- 
ment. When  glasses  partly  filled  with  mercury,  or  even  with 
water,  are  exposed  to  the  dew,  it  is  deposited  only  on  the  puts 
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wkich  are  above  the  tmrUet  «f  ike  iaid.     Bk  k  aL 

tJie  kaniditj  is  too  copioat,  tae  iimIii  br  caniaBEC. 
la  order  to  redoce  tbeie  ficts  lo  mmt  feaenL^MR.  Ait.  I 

obitrTes,  that  wbea  tke  aMtai  i»  piaoed  oa 

glass,  the  haniditj  is  dipawiid 

ea  either  sarfcce  of  the  glass  ia  ks 

it  is  on  the  colder  side,  it  acsti 

depositioB  00  the  glass  :  that  a  coai  of 

the  eficacjr  of  the  SMtal,  bat  that  aa  ■diiiriiiaal  pmst  af 

teres  it« 
Mr.  Prefost  was  at  first  diipDsed  ta  amiiiaie 

lo  the  effects  of  electridt j,  bat  he  thiair  it  fawsibif  w 

them  all  bj  the  actioa  of  heat  osJj :  lor  ths  pmpast  he 
irst,  that  gUss  attracts  hasidhj  the  wmm  potwerfalkr  a^  iu 
ratare  is  lower ;  seooadlj,  that  sKSak  ataact  it  bat  wcrr  htU/e 
thirdly,  that  glass  exerts  this  attnrtwa  aotwithaiaadiag  the  ioses* 
positioa  of  other  bodies ;  mad  foaitUj,  that  awtais  isive  id  giaK, 
placed  ia  their  oeighboarhood,  the  paver  afbexog  heated  br  wana 
air,  aad  beiog  cooled  bj  cold  air,  with  greater  TS^iidil^  I  heaoethat 
the  (esDperatare  of  the  ^ass  a|^roacbes  more  marif  to  tiaa  of  the 
air  on  the  side  opposite  to  the  aietal,  aad  attracts  the  hamidity  ac 
oordingi J  oiore  or  less,  either  to  its  ova  surface,  or  lo  that  of  tiie 
metaL  We  should  iodeed  have  expected  a  contraiy  effect ;  that 
the  metal  would  rather  have  tended  to  commBBAcate  to  the  glass  tiie 
temperatare  of  the  air  oo  its  ova  side  :  bot  grantiag  that  tiie  as* 
sampdons  of  Mr.Prevost  serve  to  generalise  the  iscts  with 
racj,  thdr  temporary  otility  is  as  great  as  if  they  were 
tally  probable. 

Hesoe  dew  is  perhaps  aothiog  more  than  a  portkm  of  the  vs^xHir 
fonaerly  saspeoded  in  the  atmosphere,  condeased  by  means  of  ^ke 
cold  of  the  evening.  It  has  been  observed  with  surprise  that  whea 
a  number  of  bodies  are  exposed  together  to  the  dew,  some  are  qaite 
wetted  with  it  while  others  remain  dry.  This  circaaNtanoe  pra. 
bably  depends  upon  the  goodness  of  the  body  as  a  condactor  of 
heat.  Good  conductors  will  part  with  their  heat  more  readily,*aad 
wHl  therefore  evaporate  the  dew  again,  whereas  it  will  remain  upon 

bad  conductors,  which  will  not  so  easily  part  with  their  heat. 

If  this  explanation  be  the  true  one,  it  follows  that  bodBes  exposed 

to  tha  dew  and  dry^  must  have  a  lower  temperatare  than  those 
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which  remain  moist.  The  following  Table  by  Dr.Stocke,  ei- 
hibits  the  relative  quantity  of  dew  remaining  upon  a  variety  of 
bodies  *. 

Bodies.  Effece.  Boilics  Effect. 

Glass Much  dew.  Polished  lead  A  little. 

Polished  brass Very  little.  Silver  None. 

Rough  brass A  little  more.  Silver  gilded None. 

Laftin  or  iron  tinned..^  ...A  little.  Blue  porcelain  Noae. 

Ditto  rough Very  much.  A  stone  slab  Mack. 

Ditto  smooth    Scarce  Any.  Basket  of  Indian  cane A  Utile. 

Ditto  rusty None.  Smooth  white  oaken  plank . .  Very  mnch. 

Quicksilver    None.  Ditto  hlnck Much  les?. 

Smooth  tin None.  Smootl.  fir  pKink    . . , Little. 

Rough  lead Much. 

If  these  experiments  be  accurate,  it  is  obvious  that  the  goodness 
of  the  bodies  as  conductors  of  heat  will  not  account  for  the  phe- 
nomenon. Perhaps  we  must  look  for  it  in  the  goodness  of  the  bo. 
dies  as  conductors  of  electricity. 

Mists  are  said  to  consist  sometimes  of  other  particles  than  pure 
water :  these  are  called  dry  mists,  and  they  have  been  supposed  to 
blight  vegetables.  Such  mists  are  sometimes  attended  by  a  smelly 
resembling  that  which  is  occasioned  by  an  electric  spark.  Raki 
falling  after  a  dry  season  deposits,  when  it  has  been  suffered  to 
ftand,  some  particles  of  foreign  matter  which  it  has  brought  down 
from  the  atmosphere.  There  must  indeed  frequently  be  a  mnlti. 
plicity  of  substances  of  various  kinds  floating  in  the  air;  the  wind 
has  been  found  to  carry  the  farina  of  plants  as  far  as  30  or  40  mileS| 
and  the  ashes  of  a  volcano  more  than  200.  It  only  requires  tkat 
the  magnitude  of  the  particles  of  any  substances  be  snfiicieiitly  re- 
duced in  size,  in  order  to  render  them  incapable  of  falling  with  any 
given  velocity ;  and  when  this  velocity  is  very  small,  it  may  easily 
bo  overpowered  by  any  accidental  motions  of  the  air.  The  diame- 
ter of  a  sphere  of  water,  falling  at  the  rate  of  one  inch  only  in  a 
second,  ought  to  be  one  six  hundred  thousandth  of  an  iiich,  which 
is  about  the  thickness  of  the  upper  part  of  a  soap  bubble  at  the  in. 
stant  when  it  bursts ;  but  the  particles  of  mists  are  incomparably 
larger  than  this,  since  they  would  otherwise  be  perfectly  invisiUe 
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ts  teparate  drops :  the  least  particle,  that  conld  be  discovered  by 
the  naked  eje,  being  such  as  woDld  fall  with  a  Telocity  of  about  a 
foot  in  a  second,  if  the  air  were  perfectly  at  rest.  But  it  is  rery 
probable  that  the  resistance,  opposed  to  the  motion  of  particles  so 
small,  may  be  considerably  greater,  than  would  be  expected  from 
a  calcolatioo,  derived  from  experiments  made  on  a  much  larger 
•eale,  and  their  descent  consequently  much  slower. 

M^n  the  particles  of  a  mist  are  united  into  drops  capable  of  de. 
leendiBg  with  a  considerable  velocity,  they  constitute  rain ;  if  they 
are  Iroxen  daring  their  deposition,  they  exhibit  the  appearance  of  a 
perfect  crystallization,  and  become  snow  :  but  if  the  drops  already 
fcnned  are  frozen,  either  by  means  of  external  cold,  or  on  account 
of  the  great  evaporation  produced  by  a  rapid  descent  through  very 
diy  air,  they  acquire  the  character  of  hail,  which  is  often  observed 
io  weather  much  too  hot  for  the  formation  of  snow. 

It  cannot  be  doubted  but  that  there  is  a  connexion  between  the 
detoent  of  the  barometer  and  the  fall  of  rain ;  but  no  satisfactory 
reason  has  yet  been  assigned  for  the  circumstance ;  nor  is  it  possible 
to  foretel,  with  certainty,  that  rain  will  follow  any  changes  in  the 
height  of  the  barometer  that  have  been  observed.  The  immediate 
dependence  of  rain^  or  of  any  other  atmospherical  phenomena,  on 
the  influence  of  the  moon,  appears  to  be  rendered  highly  impro- 
bable, not  only  by  mathematical  calculations  of  the  effects  of  the 
moon's  attraction,  but  also  by  the  irregularity  of  the  very  observa. 
tioos,  which  have  been  adduced  in  favour  of  such  a  connexion. 
Bot  liowever  uncertain  the  ultimate  causes  of  rain  may  be  in  ge« 
■eral,  tlieir  effects  in  some  places  are  sufhciently  constant  to  be  at* 
trflmted  to  permanent  local  circumstances,  and  in  particular  to  the 
periodical  recurrence  of  similar  winds. 

In  low  and  level  countries,  clouds  may  often  begin  to  descend 
frofls  the  upper  regions  of  the  atmosphere,  and  may  be  redissolved 
by  the  warmer  air  below  ;  but  when  they  descend  in  an  equal  de. 
gice  among  mountains,  they  fall  on  the  earth ;  and  besides  the 
^pnatity  of  water  which  they  furnish  for  vegetation,  and  that  which 
ii  carried  off  by  evaporation,  they  afford  by  means  of  springs  and 
rhreri,  a  constant  supply  for  the  use  of  man  and  of  other  animals  in 
distant  parts.  The  upper  regions  of  the  atmosphere  are  however 
by  no  means  the  principal  sources  of  rain  io  ordinary  climates, 
stece  a  gage  placed  on  a  very  high  building  seldom  collects  more 
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than  two-thirds  as  much  rain  as  another  standing  on  the  groand  be* 
low :  and  the  eii'ecli  of  mountains  in  collecting  rain  are  perhaps 
chiefly  derired  from  the  ascending  currents  which  they  occasioQi 
and  by  which  the  air  saturated  with  moisture  is  carried  to  a  higher 
and  a  colder  region. 

The  Abyssinian  rains  are  the  causes  of  the  inundation  of  the 
Nile ;  they  last  from  April  to  September ;  but  for  the  first  three 
months  the  rain  is  only  in  the  night.  The  inundation,  in  Egypt, 
begins  at  present  about  the  17th  of  June  ;  it  increases  for  forty 
days,  and  subsides  in  the  same  time  ;  but  the  ancient  accoants,  as 
well  as  some  modern  ones,  assign  a  longer  duration  to  it.  The 
riTer  Laplata  rises  and  foils  at  the  same  times  as  the  Nile.  The 
Ganges,  the  Indus,  the  Euphrates,  the  riyer  of  Ava  or  Pegu,  and 
many  other  large  rirers,  have  also  considerable  inundations  at  regu- 
lar periods.  In  many  other  countries  there  are  seasons  at  which 
the  rains  seldom  h\\  to  recur ;  and  sometimes  the  periodical  rains 
are  different  in  different  parts  of  the  same  country.  Thns  tho  coast 
of  Malabar,  which  is  to  the  west  of  the  Gate  mountains,  or  Gants, 
enjoys  summer  weather,  without  rain  from  September  to  April, 
while  that  of  Coromandel,  which  is  on  the  eastern  side,  experiences 
all  the  rigours  of  its  winter ;  being  at  this  time  exposed  to  the  ku 
flnence  of  the  north  east  trade  wind.  Vicissitudes  of  a  similar  na- 
ture are  also  obserred  on  the  north  and  south  sides  of  the  island  of 
Jamaica. 

IVoung,  Thomson.  PhiLTrant. 

It  has  been  a  matter  of  great  contest  among  philosophers  by 
which  means  water,  which  is  nearly  nine  hundred  times  heaner 
than  air,  can  be  rendered  capable  of  ascending  into  the  aerial  re- 
gions.  Descartes  accounted  for  it  by  supposing  that  by  the  actien 
of  solar  heat  upon  a  sheet  of  water,  its  superficial  particles  art 
formed  into  little  hullow  spheres,  and  become  filled  with  the  Ma» 
ieria  subtilis  of  space,  on  a  minute  substance  not  unlike  the 
primal  atoms  of  Lucretius,  and  which  Des  Cartes  concei?ed  to  be 
fr^uently  employed  in  the  formation  of  clouds.  The  particles  of 
water  thus  filled,  must  necessarily,  it  was  added,  from  the  superior 
levity  of  the  substance  they  enfelop,  ascend  through  the  ambient 
air  till  they  -attain  their  proper  level. 

The  theory  of  Dr.  Halley  was  not  jctj  different,  varying  alone 
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in  the  lapposition  that  the  detached  and  asoeDding  resick^s  of  wa. 
ter  are  impregnated  with  highly  rarefied  air,  issusd  of  wm.  the 
subtle  ether  of  Des  Cartes. 

But  the  hypothesis  now  generally  adaitt«d  is  tkal  td  sukitiov 
first  of  all  advanced  by  (he  Abbe  Nollet,  in  bis  Ltcomi  tk  Pkgnqm 
Experiment  ale.    Water  and  air,  it  if  contended,  hart  a  mntnil 
power  of  dissolving  each  other ;  and  air  if  not  more  fregnenfiy  ^b» 
tricated  from  the  former  than  water  is  frxMi  the  latxer.     Tliirlpwer 
part  of  the  atmosphere  being  pressed,  then,  by  tbe  wcifbt  «f  4ie 
incumbent  colemn  on  4he  surface  of  tbe  water,  and  pujHiaaBj 
rabbiDg  against  it,  attracts  and  dissolves  tboie  partidef  wi&  wMdk 
it  is  in  contact  and  separates  them  from  tbe  rest  of  Ibe  vmec*    Tkt 
•qaeous  particles  thus  detached,  and  absoibed  by  &e  lower  on* 
Itmn  of  air,  are,  next,  still  more  forcibly  attmcted  by  €ut  ■nperiof 
ia  consequence  both  of  its  being  drier,  and  pmaamagwmflkff  patm 
to  receive  the  dissolved  vapour.      Wbea  tbe  aqnoonr  pnrlkdei 
attain  a  certain  degree  of  elevation,  tbe  ctMmtm  of  tbe 
condenses  them,  and  they  coalesce  into  partidef  of  a  fas;^ 
meter,  and  gradually  produce  tbe  pbenotnon  of  a  cu>rn. 
tbe  particles,  of  which  such  cloud  consiiti,  are  mmn  em^tijr 
pacted,  either  by  the  mutual  attraction  of  cobtiion^  or  tbe  ledemid 
pressnie  of  the  wind  against  it,  ^ttej  ran  into  dif:o;jf  anfiiciently 
pooderons  to  descend  in  the  form  of  naiv.     If  tbe  c^tind  becume 
frozen  by  any  current  of  cold  air,  before  its  partidief  are  foniMKi 
mto  drops,  small  fragments  of  tbem  being  condensed^  aad  ooom* 
qoently  increased  in  weight,  will  deCacb  tbemselvet  from  th^  ^icsk^mi 
nassy  nod  fall  down  in  thin  flakes  of  ssiow.     If  its  yMtHtie^  ba)re 
coalesoed  into  drops  prior  to  its  being  frozen,  tbcse  drops  will  then 
descend  in  the  form  of  HAiL-r/on^r:     And  when  tbe  lower  air  is 
leplcto  witb  aqueous  vapour  dissolved  in  itf  pores,  and  a  tad(ien 
earreat  of  cold  wind  brushes  through  it,  prodndng  tbe  aatviai  fri* 
gidity  of  tbe  superior  atmosphere,  a  mist  or  roG^  which  is  oo!y  s 
kind  of  inferior  cloud,  is  immediately  erected ;  ^Dd  mm  soddmly 
again  dispersed  on  the  return  of  the  natural  warmth  of  ttm:  m^ 
which  then  re^ssolves,  to  invisible  minuteness,  tbe  vapoary  par* 
ticlea«     In  like  manner  DEw^drops  may  be  regarded  as  a  tpecies 
of  inlsrior  rain,  the  cold  attaching  the  dissolved  vapours  of  tbe 
lower  atmosphere,  being  either  more  intense  than  in  tbe  case  of 
or  continued  for  a  greater  length  of  time. 

[Goon^s  Trans,  of  Lucretiut.  Note  on  Book  tL  467« 

▼OL.  IT.  & 
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Rain  neier  begins  to  fall  while  the  ait*  is  transparent:  the  ioTf- 
sible  vapours  first  pass  their  maximum,  and  are  changed  into  tesf* 
cular  Tapours  ;  clouds  are  formed,  and  these  clouds  gradnalljT 
dissolved  in  rain.  Clouds,  however,  are  not  formed  in  all  parts  of 
the  horizon  at  once  ;  the  formation  begins  in  on«  particular  spot,, 
while  the  rest  of  the  air  remains  clear  as  before  :  this  cloud  rapidly 
increases  till  it  overspreads  the  whole  horizon,  and  then  the  rain 
begins. 

It  is  remarkable,  that  though  (he  greatest  quantity  of  Tapourt 
eiist  in  the  lower  strata  of  the  atmosphere,  clouds  never  begin  to 
form  there,  but  always  at  some  considerable  height.  It  is  remark. 
able,  too,  that  the  part  of  the  atmosphere  at  which  they  fomi|  has 
not  arrived  at  the  point  of  extreme  moisture,  nor  near  that  point, 
even  a  moment  before  their  formation.  They  are  not  formed^ 
then,  because  a  greater  quantity  of  vapour  had  got  into  the  atmo- 
sphere than  could  remain  (here  without  passing  its  maximum.  It 
is  still  more  remarkable,  that  when  clouds  are  formed,  the  tempe- 
rature of  the  spot  in  which  they  are  formed  is  not  always  lowered^ 
though  this  may  sometimes  be  the  case.  On  the  contrary,  the 
heat  of  the  clouds  themselves  is  sometimes  greater  than  that  of 
the  surrounding  air*.  Neither,  then,  is  the  formation  of  cloodi 
owing  to  the  capacity  of  air  for  combining  with  moisture  being 
lessened  by  cold  ;  so  far  from  that,  we  often  see  clouds,  which  had 
remained  iu  the  atmosphere  during  the  heat  of  the  day,  disaj^eat 
in  the  night,  after  the  heat  of  the  air  was  diminished. 

The  formation  of  clouds  and  rain,  then,  cannot  be  accounted 
for  by  the  principles  with  which  we  are  acquainted.  It  is  neither 
owing  to  the  saturation  of  the  atmosphere,  nor  the  diminntion  of 
heat,  nor  the  mixture  of  airs  of  different  temperatures,  as  Dr.  Rot> 
ton  supposed ;  for  clouds  are  often  formed  without  any  wind  at  all 
either  above  or  below  them  ;  and  even  if  this  mixture  constantly 
took  place,  the  precipitation,  instead  of  accounting  for  rain^  woiM 
be  almost  imperceptible. 

.  It  is  a  very  remarkable  fact,  that  evaporation  often  goes  on  for  a 
month  together  in  hot  weather  without  any  rain.  This  sometimes 
happens  in  this  country ;  it  happens  every  year  in  the  torrid  aone. 
Thus  at  Calcutta,  during  January  1785,  it  never  rained  at  all+: 
the  mean  of  the  thermometer  for  the  whole  month  was  66^  degrees; 

.  f  Vt  tnc  fur  la  MeteoroU  ii.  100,       f  Aiiaiic  Regearcbe«,  vol.  ii.  Appendix. 
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there  was  no  high  wind,  and  indeed  darnirrrpAt  par?  of  tiie  month 
little  wind  at  all. 

Tiie  quantity  of  water  eTapormted  dnrinr  sncb  a  droii|riit  most 
be  very  great ;  yet  the  moistiire  of  tbe  air,  iiKtead  cif  beiiij:  in- 
creased, 19  constantly  diminishiiig,  and  at  last  dtsappesR 
entirely  ;  for  the  dew,  which  b  at  first  copious,  diminishes 
Dtght :  and  if  Dr.  Watson*s  expenoiPiit  formrrly  mestioaed  be  sU 
tended  to  *,  it  will  not  be  objected  that  the  qnaatitj  of  ewapoat&am 
ii  also  Tery  much  dim:nbhed.     Of  the  Terj  dry  ftiie  t»  wHdk  4a 
atmosphere  is  reduced  during  long  droaglila,  tlie  vialcat  ^hmm^mr- 
florms  with  which  they  often  conclude  is  a  proof,  aad  a  werj  de. 
dsire  one.     Now  what  becomes  of  all  this  moistiire  ?  It  is  m&t 
aecoroBlated  in  the  atmosphere  abofe  the  couDtiy  from  whidi  it 
was  evaporated,  otherwise  the  whole  atflM»S(A«re  vmild  in  a  mack 
less  period  than  a  month  be  perfectly  satarated  with  moirtare.     if 
it  be  carried  op  daily  through  the  different  strata  of  the  ihataphni^ 
and  wafted  to  other  regions  by  superior  carreats  of  air,  how  is  iC 
possible  to  account  for  the  different  electrical  stete  of  the  daadi 
iitiiated  between  different  strata,  which  ofteo  prodaoes  the  awst 
Tiolent  thunder-storms  ?  Are  not  rapours  conductors  of  the  electiic 
fluid  ?  and  would  they  not  hare  daily  restored  the  eqoilibriam  of 
die  whole  atmosphere  through  which  they  passed  ?   Had  they  tra- 
versed the  atmosphere  in  this  manner,  there  would  hare  been  no 
DCgatiTe  and  positive  clouds,  and  consequently  no  thoader-storms. 
They  could  not  have  remained  in  the  lower  strata  of  the  atmo. 
ipbere,  and  been  daily  carried  off  by  winds  to  other  countries ;  for 
there  are  often  no  winds  at  all  during  several  days  to  perform  this 
office  ;  nor  in  that  case  would  the  dews  diminish,  nor  coald  their 
presence  fail  to  be  indicated  by  the  hygrometer. 

It  is  impossible  for  us  to  account  for  this  remarkable  fact  upon 
any  principle  with  which  we  are  acquainted.  The  water  can  nei. 
tiler  remain  in  the  atmosphere,  nor  pass  through  it  in  a  state  of  va- 
pour. It  must  therefore  assume  some  other  form ;  but  what  form 
iSy  or  how  it  assumes  it,  we  know  not.  ^ 

There  are,  then,  two  steps  of  the  process  between  evaporation 
and  rain,  of  which  at  present  we  are  completely  ignorant:   1.  What 


•  See  p.  134. 
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becomes  of  the  rapour  after  it  enters  into  the  atmosphere.  9.  What 
makes  it  lay  aside  the  new  fr^rm  which  it  must  haTe  assumed,  and 
return  again  to  its  state  of  Tapour,  and  fall  down  in  rain.  And  tilt 
these  two  steps  be  discorered  by  experiments  and  obsenrations,  it 
will  be  impossible  for  us  to  give  a  rational  or  a  useful  theory  of 
rain. 

Dr.  Pratt  of  Exeter  has  endeavoured  to  prove,  in  a  very  inge* 
nious  treatise,  that  water  is  decomposed  during  its  evaporation,  and 
converted  into  oxygen  and  hydrogen  gas ;  but  the  absence  of  any 
perceptible  quantity  of  this  last  gas  in  the  atmosphere,  eren  when 
rain  is  actually  forming,  cannot  be  accounted  for,  unless  we  suppose 
that  the  products  of  the  decomposition  are  different.  Girtanner'k 
theory,  that  azote  is  composed  of  hydrogen  and  oxygen,  would  re- 
move every  difficulty ;  but  unfortunately  that  theory  is  not  only 
destitute  of  proof,  but  militates  against  the  known  properties  of 
water,  azote,  and  hydrogen.  We  must  therefore  be  cautions  ia 
drawing  any  conclusion  till  future  discoreries  have  remoTed  the  ob- 
scurity in  which  the  phenomena  of  rain  are  at  present  inrolred. 

The  mean  annual  quantity  of  rain  is  greatest  at  the  equator^  and 
decreases  gradually  as  we  approach  the  poles.     Thus  at 

•  Granada,  Antilles,  IT  N.  lat.  it  is  126  inches 

♦  Cape  Francois,  St. 

Domingo    ...  19»   46'  ...  120 

f  Calcutta     .     .     .     .  22    23  .    .     .  81 

t  Rome 41     64  .     .     .  39 

§  England     .     .     •     .  33     00  .     1^,    •  32 

0  Petersburgh   .     .     .  69     16  .     .     .  16 

On  the  contrary,  the  number  of  rainy  days  is  smallest  at  the  eqom 
tor,  and  increases  in  proportion  to  the  distance  from  it.  From 
north  latitude  12"  to  43°  the  mean  number  of  rainy  days  is  78;  fiOM 
43°  to  46"  the  mean  number  is  103;  from  46^  to  60°  it  is  134; 
from  6!Mo60°  161  f. 


•  Cottc,  Jour,  de  Phys.  Oct.  1791,  p-  246. 

+  Asiatic  Researches,  i.  and  ii.  Appendix. 
X  Cotte,  Jour,  de  Pbys.  Oct.  1791,  p.  264. 
S  Phil.  Trans.  |j  Edin.  Trans,  ii.  244. 

t  Cotte,  Jour,  de  Pbyi.  Oct.  1791,  p.  264* 
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Tlw  aniber  (^ iMBj  da js  b  oileo gnaler  m  wiater  tkan  wsm. 
■0-;  bat  die  qaaadtj  of  nin  b  greater  iq  suMaer  tkui  in  win. 
ler^.  At  Pctenlmrgk  dtt  awnber  of  nwj  or  saovj  days  dnriBf 
wiater  is  84,  aad  tke  qaaatitj  which  faUs  b  oolj  about  five  inches  ; 
dariag  m— er  the  Buiber  of  rain  j  dajs  b  nearlj  the  same,  bnt 
the  qnantitj  whi^  falls  is  about  11  inches  t. 

More  rain  folb  in  OMMntainons  coantries  than  in  plains*  AnKHig 
the  Andes  it  b  said  to  rain  almost  perpetnallj,  while  in  Egfpt  it 
hud! J  ever  rains  at  all.  If  a  rain.gnage  be  placed  on  the  ground, 
aad  another  at  sooe  he^ht  perpendicularly  above  it,  more  rain  wilt 
be  collected  into  the  lower  than  into  the  h^er  ;  a  proof  that  the 
quantity  of  rain  increases  as  it  descends,  owing  perhaps  to  the 
drops  attracting  vapour  daring  their  passage  through  the  lower 
itrata  of  the  atmosphere,  where  the  greatest  quantity  resides. 
Tliis,  iiowever,  is  not  always  the  case,  as  Mr.  Copland  of  Dumfries 
discovered  in  the  course  of  his  experiments :(.  He  observed,  also, 
that  when  the  quantity  of  rain  collected  in  the  lower  guage  was 
greatest,  the  rain  commonly  continued  for  some  time ;  and  that  the 
greatest  qnantity  was  collected  in  the  higher  guage  only  either  at 
the  end  of  great  rains,  or  during  rains  which  did  not  last  long. 
These  observations  are  important,  and  may,  if  followed  out,  give 
us  new  knowledge  of  the  causes  of  rain.  They  seem  to  show,  that 
during  rain  the  atmosphere  is  somehow  or  other  brought  into  a 
state  which  induces  it  to  part  with  its  moisture  ;  and  that  the  rain 
continues  as  long  as  this  state  continues.  Were  a  sufficient  num. 
her  of  observations  made  on  this  subject  in  different  places,  and 
were  the  atmosphere  carefully  analysed  during  dry  weather,  during 
rain,  and  immediately  after  rain,  we  might  soon  perhaps  dbcover 
the  true  theory  of  rain. 

Rain  falls  in  all  seasons  of  the  year,  at  all  times  of  the  day,  and 
daring  the  night  as  well  as  the  day  ;  though,  according  to  M.  Toaldo, 
a  greater  quantity  falls  during  the  day  than  the  night.  The  caus^ 
of  rain,  then,  whatever  it  may  be,  must  be  something  which  ope. 
rates  at  all  times  and  seasons.  Rain  falls  also  during  the  conti- 
nuance of  every  wind,  but  oftenest  when  the  wind  blows  from  the 
south.     Falls  of  rain  often  happen  likewise  during  perfect  calms. 

«  Id.  ibid.  f  Edio.  TnuM.  il.  S44, 

t  Maachester  Tians.  iv.  619. 
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It  appears  from  a  paper  published  by  M.Cotte  in  the  Joamal 
de  Physique  for  October  1791,  containing  the  mean  quantity  of 
rain  falling  at  147  places^  situated  between  north  lat.  I V  and  00^, 
deduced  from  tables  kept  at  these  places,  that  the  mean  annoal 
quantity  of  rain  falling  in  all  these  places  is  34*7  inches.  Let  «• 
suppose  then  (which  cannot  be  very  far  from  truth)  that  the  mean 
annual  quantity  of  rain  for  the  whole  globe  is  34  inches.  Tht 
superficies  of  the  globe  consbts  of  170,081,012  square  miles,  or 
686,401 ,498,471 ,475,300  square  inches.  The  quantity  of  rain  thera* 
fore  falling  annually  will  amount  to  23,337,650,812,030,156,800 
cubic  inches,  or  somewhat  more  than  91,751  cubic  miles  of  water* 

The  dry  land  amount  to  52,745,253  square  miles  ;  the  quantity 
of  sain  falling  on  it  annually  therefore  will  amount  to  30,960  cubic 
miles.  The  quantity  of  water  running  annually  into  the  sea  is 
13,140  cubic  miles;  a  quantity  of  water  equal  to  which  must  be 
supplied  by  evaporation  from  the  sea,  otherwise  the  land  would 
soon  be  completely  drained  of  its  moisture. 

SECTION    II. 

Annual  Fall  of  Rainy  from  Erxleben,  Daltont  and  others^  with 

iubjoined  Remarks. 

Upsal. laches  16.7     LyndoD,  Rutl.  21  y. 944 

West  Bridgford,  Notting. 17.0    Utrecht    «|.7 

Wittenberg 17.0    Haarlem «4.T 

St.  Petersburg 17.2    Youni^&bury,  Hartf.  5  y 25.0 

Lund. 18.5    Kimbolton,  Hunt 2&0 

Diss,  Norfolk 18.7     Norwich,  IS  y S5.5 

Upminster,  Essex 19.5     Pyfield,  Hainpsh.  7  y 25.9 

Carlisle,  1  y 20.2     Fcrryby,  Yoiksh. 26.9 

Paris    20.2    Chichester tdJ 

Berlin 20.6    Ulm 27^ 

Widdrington,  North,  ly 21.2    Algiers S7.Q 

Rome 21.3    Barrowby,  Yorksh.  6  y. 27.5 

Edinborgh 22.0    Cbatsworth,  Derbysh.  15  y 27.8 

Dublin 22.2    Hague 28.4 

South  Lambeth,  9  y. 22.7     Delft    88.6 

London,  7  y. 2S.0    Harderwyk 28.6 

Near  Oundle,  North.  14  y 23.0    A  place  In  Cornwall,  1  y 29.1 

LUle 24.0    BristolySy 29.2 
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293  Venice SO.I 

Abo S9J  Selbouroe,  Hampsb Sl.^ 

Uydea    30.2  DoTor,  5y 37.5 

Midelrm   31.0  Lyons    39.4 


31.3  Kirkmichael,  Dumfr. 40.8 

for  ill  Englaady  Lodgvan,  Cornw. 41 .0 

tddngficitaBieaDof tbecoun*  Dordrecht    ,..« 41.0 

ties    3r.3  Towiiley,  Lanc.l5y 41.5 

McAB  of  16  places  in  Great  Bri-  Pisa 432 

Ilia,  Eoc.Br. 32.5  Lancaster,  10  y 45 JO 

IMlaa^t  ianediate  mean  of  32  Waitb  Sutton,  Westm.  5  y.  •  •  •  •  46.0 

f lac  ft,  laottly  rainy 35.2  Plymoath,  2y 46.5 

Ifaachester.O^. 33.0  Charlestuwn 50.9 

Middlebofi^ 33.0  Garsdnle,  Westm.  3  y 52.3 

Zvicb   33.1  Fe11foot,Westni.3y 55.7 


33.2  Kendal,  Westm.  11  y 59.S 

I8y 34.4  Kendal,  in  1782 83.5 

34.5  Crawshawbooth,  Lane.  2  y 60.0 

Cottc*!  mean  of  147  places 34.7  Keswick,  Cumb.  7  y ••....  67.0 

Sieaaa 35.2  East  Indies,  sometimes 104  0 

[  Young's  Nat.  Phii. 

Tot  rain  and  dew  together  Dalton  makes  the  mean  of  England 
and  Wales  36  inches,  amounting  in  a  year  to  28  cubic  miles  of 
water. 

From  obserrations  made  in  1804  at  Exeter,  Chichester,  Lon. 
don,  Diss,  Chats  worth,  W.  Bridgford,  Ferriby,  Lancaster,  and 
Kenda],  it  appears  that  December  was  the  wettest  month  in  four  of 
these  places ;  Jane  in  two,  May  and  NoTember  each  in  one,  and 
April  and  December  in  one  instance  equally  wetter  than  the  rest. 

Erzleben  asserts,  ii.  735,  that  the  drops  of  rain  at  the  equator 
•re  sometimes  an  inch  in  diameter. 

Ulloa  affirms  that  it  nerer  rains  in  Pern  ;  but  that  for  a  part  of 
Hie  year  the  atmosphere  is  obscured  by  thick  fogs,  called  garuas. 

In  some  parts  of  Arabia  it  seldom  rains  more  than  two  or  three 
times  in  two  or  three  years  ;  but  the  dews  are  heaiy  and  refresh  the 
loil  and  supply  the  few  plants,  which  grow  in  these  regions,  with 
■eistnre. 

^Editor.  * 
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SECTION   III. 

Fall  of  ButterMke  Dew  in  different  Parts  of  Ireland. 

This  carioos  phaenomenon  is  noticed  in  two  separate  arUcles  in 
▼ol.  xix  of  the  Philosophical  Transactions.  The  first  is  an  extract 
of  a  letter  from  Mr.  Robert  Vans  of  Kilkenny,  dated  Nor.  15| 
1695,  as  follows : 

^<  We  hare  had  of  late,  in  the  county  of  Limerick  and  Tipperarf, 
showers  of  a  matter,  like  butter  or  grease.  If  this  be  rabbed  oo 
ones  handy  it  will  melt,  but  laid  by  the  fire,  it  dries  and  grows 
hard,  having  a  very  stinking  smell.  This  last  night  some  fell  at 
this  place,  which  1  saw  this  morning,  it  is  gathered  into  pots  and 
other  vessels,  by  some  of  the  inhabitants  of  this  place." 

The  second  article  is  still  more  minute,  and  proceeds  from  the 
welLknown  pen  of  the  Bbhop  of  Cloyne,  bearing  date  April 
1796. 

^^  Having  very  diligently  inquired  concerning  a  very  odd  pheno- 
menon,  which  was  observed  in  many  parts  of  Munster  and  Leins* 
ter,  the  best  account  I  can  collect  of  it  is  as  follows  :  For  a  good 
part  of  last  wintfir  and  spring,  there  fell  in  several  places,  a  kind 
of  thick  dew,  which  the  country  people  called  butter,  from  the 
consistency  and  colour  of  it,  being  soft,  clammy,  and  of  a  dark 
yellow  ;  it  fell  always  in  the  night,  and  chiefly  in  moorish  low 
grounds,  on  the  top  of  the  grass,  and  often  on  the  thatch  of  cabini. 
It  was  seldom  observed  in  the  same  places  twice :  it  commonly  lay 
on  the  earth  for  near  a  fortnight,  without  changing  its  colour ; 
but  then  dried  and  turned  black.  Cattle  fed  in  the  fields 
where  it  lay  indifferently,  as  in  other  fields.  It  fell  in  lumps, 
often  as  large  as  the  end  of  one'sftnger,  very  thin  and  scatteringly; 
it  had  a  strong  ill  scent,  somewhat  like  the  smell  of  church-yards 
or  graves ;  and  indeed  we  had  during  most  of  that  season  very 
stinking  fogs,  some  sediment  of  which  might  probably  occastoa 
this  stinking  dew,  though  I  will  by  no  means  pretend  to  offer  that 
as  a  reason  of  it :  Lcannot  find  that  it  was  kept  long,  or  that  it  bred 
any  worms  or  insects  ;  yet  the  superstitious  country  people,  who 
had  scald  or  sore  heads,  rubbed  them  with  this  substance,  and 
•aid  it  healed  them." 

IPhil.  Tran.  1696. 
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W«  kiTC  mimttf  Wd  occasion  to  obserre  that  sobstancet  of  Ta. 
liotts  kindtiam  freqacrotly  carried  into  the  atmosphere  by  their 
own  IcTitj^r  other  force.  Fat  or  butter  is  nothing  more  than  a 
auxtare  of  k>drogen  and  carbon  in  certain  relatiye  proportions  to 
each  other.  Both  these  substances  are  often  extricated  from  the 
saHkce  of  the  loir  jnoorish  grounds  here  referred  to ;  and  from 
their  afinity  to  each  other.  Tery  generally  ascend  in  combination^ 
feraing  what  the  chemists  call  hydro.carbonat,  or  carbnretted 
Ifdrogeo  gas:  and  hence,  in  the  instance  before  us,  the  combina* 
lioB  of  these  two  substances,  was  in  all  probability  such  as  to 
pradace  the  unctuous  material  here  described*.  [Editor. 

o 

SECTION  IV. 

Dense  Fog  on  the  Island  of  Sumatra* 
By  William  Manden,  Esq. 

Ih  the  year  1775  the  S.  £.  or  dry  monsoon,  set  in  about  the 
middle  of  June,  and  continued  with  rery  little  intermission  till 
the  BKMith  of  March  in  the  following  year.  So  long  and  aefere  a 
drought  had  not  been  experienced  there  in  the  memory  of  the 
oldest  man.  The  verdure  of  the  ground  was  burnt  up,  the  trees 
were  stripped  of  their  leaves,  the  springs  of  water  failed,  and  the 
earth  every  where  gaped  in  fissures.  For  some  time  a  copious 
dew  falling  in  the  night  supplied  the  deficiency  of  rain ;  but  this 
did  not  last  long :  yet  a  thick  fog,  which  rendered  the  neighbour, 
ing  UUs  invisible  for  months  together,  and  nearly  obscured  the  sun, 
never  ceased  to  hang  over  the  land*  and  add  a  gloom  to  the  pros* 
pect  already  but  too  melancholy.  The  Europeans  on  the  coast 
siffered  eatremely  in  sickness  ;  about  a  fourth  part  of  the  whole 
nuoiber  being  carried  off  by  fevers  and  other  bilious  distempers, 
the  depression  of  spirits  which  they  laboured  under,  not  a  little 
contributing  to  hasten  the  fatal  eflects.  The  natires  also  died  in 
great  numbers. 

•  The  sobsCancc  railed  Honey-dew  docs  not  rrguUuiy  belong  to  thU  divuion 
•f  oar  work.  It  it  otoally  an  excrementitiooft  secretioo  of  Tariouf  intecls 
tiAt  adhere  to  the  lower  mu face  of  the  leaves  of  plants  ;  aod  we  shall  notice 
it  accordingly  in  the  tabteqoent  diTi&iont  of  the  Gallery  of  Nature  and  Art, 
which  will  be  found  to  conprite  the  curiositiei  of  Zoology.  The  dew  of 
plaats  b  io  like  auuiner  an  aqueous  secretion  from  the  secernent  Tessels  of 
plants.  EoiTOE. 
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In  the  month  of  Norember  that  year,  the  drj  season  hafing 
then  exceeded  its  usual  period,  and  the  S.S.  winds  coDtinuing  with 
unremitting  Tiolence,  the  sea  was  observed  to  be  covered,  to  the 
distance  of  a  mile,  and  in  some  places  a  league  from  shore^  with 
fiih  floating  on  the  surface.  Great  quantities  of  them  were  at  the 
same  time  driven  on  the  beach  or  left  there  by  the  tide,  some  quite 
alive,  others  dying,  but  the  greatest  part  quite  dead.  The  fish 
thus  found  were  not  of  one  but  various  species,  both  large  and 
small,  flat  and  round,  the  cat-fish  and  mullet  being  generally  the 
most  prevalent.  The  numbers  were  prodigious,  and  overspread 
the  shore  to  the  extent  of  some  degrees  ;  of  this  I  had  ocular  proof 
or  certain  information,  and  probably  they  extended  a  considerable 
way  farther  than  1  had  oppurtuni ty  of  making  inquiry.  Their 
first  appearance  was  sudden  ;  but  though  the  numbers  diminished, 
they  continued  to  be  thrown  up,  in  some  parts  of  the  coast,  for  at 
least  a  month,  furnishing  the  inhabitants  with  food,  which, 
though  attended  with  no  immediate  ill  consequence,  probably 
contributed  to  the  unhealthiness  so  severely  felt.  No  alteration  hi 
the  weather  had  been  remarked  for  many  days  previous  to  their 
appearance.  The  thermometer  stood  as  usual  at  the  time  of  yetr 
at  about  H5'\ 

Various  were  tlu»  conjectures  formed  as  to  the  cause  of  this  ex» 
traordinary  phenomenon,  and  almost  as  various  and  contradictory 
were  the  cons(>qu<'nces  deduced  by  the  natives  from  an  omen  so 
portentous ;  some  inferring  the  continuance,  and  others,  widi 
equal  plausibility,  a  relief  from  the  drought.  With  respect  to 
the  cause,  I  must  confess  myself  much  at  a  loss  to  account  for  it 
satisfactorily.  If  i  might  hazard  a  conjecture,  and  it  is  not  offered 
as  any  thing  more,  I  would  suppose,  that  the  sea  requires  the  mix- 
ture of  a  due  proportion  of  fresh  water  to  temper  its  saline  quatity, 
and  enable  certain  species  of  fish  to  subsist  in  it.  Of  this  salu- 
brious correction  it  was  deprived  for  an  unusual  space  of  time,  not 
only  by  the  want  of  rain,  but  by  the  ceasin;;  of  many  rivers  to 
flow  into  it,  whose  sources  were  dried  up.  I  rode  across  the 
mduths  of  several  perfectly  dry,  which  1  had  often  before  passed 
in  boats.  The  fish  no  longer  experiencing  this  refreshment,  ne» 
cessary  as  it  would  seem  to  their  existence,  sickened  and  perished 
as  in  a  corrupted  element. 

[Phii.  Trans.  178 1. 
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SBCriON  V. 

Violent  Stumers  of  Rain  at  Denbigh  :  in  a  Communication  to 
Dr.  (Sir  Hans)  Sioane,  Secretary/  to  the  Royal  Society. 

TuESRAT  the  16th  of  Jaljr,  1706,  about  eight  o^clock  in  the 
■omiog,  it  began  to  rain  in  and  about  Denbigh,  which  continued 
inceasantljr  for  thirty  hours,  but  not  yery  yiolently  till  about  three 
or  fear  o*clock  on  Wednesday  morning,  when  it  rained  somewhat 
futer,  attended  with  a  terrible  noise  like  thunder,  with  some 
fashes  of  lightning,  and  a  boisterous  wind.  About  break  of  day 
the  rain  and  wind  began  to  abate  of  their  violence,  lessening  gra« 
dually  till  about  one  or  two  o'clock  in  the  afternoon,  when  it 
quite  ceased,  and  the  air  became  clear  and  somewhat  calm.  On 
the  Tuesday  the  wind  blew  south  west,  but  on  the  Wednesday  it 
was  come  to  the  north  west. 

The  eflfects  of  this  great  storm  were  dismal,  for  it  caused  the 

overflowing  of  all  the  riTers   in   Denbighshire,    Flintshire,  and 

Merionethshire,  &c.  which  spoiled  a  great  deal  of  corn,  and  took 

off  all  the  hay  that  was  mowed,  near  the  banks  of  the  rivers, 

which  were  carried  by  the  stream  in  such  vast  quantities  down  to 

tlie  bridges  that  it  choked  the  arches  and  inlets,  so  as  to  break 

down  above  a  dozen  large  bridges.      Great  oaks  and  other  large 

trees  were  rooted   up   and    swept  away,   with   several  quickset 

bedges,  and  some  quillets  by  the  side  of  the  river  Elwy  were  so 

coTered  with  stones  and  gravel,  that  the   owners  cannot  well  tell 

whereabouts  their  hedges  and  landmarks  stood  ;    and  the  same 

riTer  has  altered  its  course  in  some  places,  so  as  to  rob  the  land. 

lofds  on  one  side  of  some  acres,  and  bestowed  as  much  on  the 

opposite  side.    Two  or  three  rivulets  that  conveyed  water  to  some 

nills  have  been  so  choked  up  with  stones  and  gravel,   as  to  make 

it  htrdly  worth  the  expence  of  clearing. 

It  11  affirmed  by  many  people  that  the  great  floods  were  not  so 

OQchthe  effects  of  the  rain,  as  the  breaking  out  of  a  vast  number 

of  springs,  in  such  places  as  they  were  never  known   to  flow  froip 

!      before.      In  the  town  of  Denbigh  a  great  many  broke  out  in  the 

^ '      looses  and  stables,  especially  in  that  part  *which    lit'S   next  the 

■  *     cistle  on  the  north  side  ;  some  of  them  with  a  great  deal  of  vio- 

•      l^Ace^  and  in  such  a  quantity,  that  it  is  said  that  three  of  these 


Ij6     violent  showers  of  rain  at  RIPPONDBN. 

new  springs,,  which  flowed  out  of  the  stables  of  the  three  noted 
inns,  ?iz.  the  Bull,  Cross  Keys,  and  Boar's  Head,  were  sufficient 
to  turn  any  corn  mill. 

At  a  small  distance,  northward  of  Denbigh,  lies  Park  Snodiog, 
a  rocky  hill,  out  of  which  issued  a  great  many  springs,  which 
flowed  so  plentifully  for  nine  or  ten  days,  that  the  cattle  watered 
at  them  all  that  time ;  whereas,  before  and  after,  the  people  were 
forced  to  water  them  all  summer  at  a  well  in  the  highway,  at 
some  distance  from  Park-Snodiog.  There  are  sereral  deep  holes 
and  trenches  cut  in  the  highways  adjoining  to  the  riyer  Elwy,  &c« 
and  some  of  them  ?ery  large,  which  is  attributed  not  so  much  to 
the  overflowing  of  the  river  as  to  the  breaking  out  of  springs  in 
those  very  places. 

In  Comb  mountain  there  is  a  pit  of  a  circular  form,  which  in 
the  summer  time  used  to  have  little  or  no  water  in  it,  and  in  winter 
as  much  water  as  would  swell  the  surface  to  about  14  or  16  yards 
over :  but  now  in  the  midst  of  summer  it  rose  up  at  least  a  yard  and 
a  half  higher,  than  it  was  ever  known  to  do  in  the  wettest  winters; 
and  overflowing  its  banks,  it  fell  down  the  hill  with  such  violenGe, 
as  to  penetrate  into  the  very  body  of  a  rock  road,  and  dng  pits 
in  it,  so  that  the  road,  which  was  a  common  highway,  is  now  be- 
come irreparable. 

[Phil.  Trans.  1783. 

2.  M  Ripponden. 
By  Mr.  Ralph  Thorcsby,  F.R.S. 

TuE  eflfecls  of  a  violent  shower  of  rain  at  Ripponden,  near 
Halifax^  were  so  surprising,  that  I  wrote  to  a  gentleman  in  those 
parts  for  an  account  that  might  be  depended  on  ;  and  particularly 
desired  to  know,  whether  there  was  not  an  eruption  of  waters  oat 
of  the  hills,  as  the  late  Mr.Townley  wrote  me  there  was  out  of 
Pendle.hill,  in  that  at  Star-bottom  mentioned  in  the  Philos. Trans. 
No. 345  :  but  all  the  account  I  can  learn  of  this  is,  that  what  they 
call  the  dashing  of  two  great  watery  clouds  on  the  hills,  occasioned 
the  inundation  ;  whatever  was  the  more  immediate  cause,  the 
effects  were  dismal,  ^nd  so  sudden,  that  though  it  was  in  the 
day*time,  the  poor  people  could  not  save  their  lives.  This  cala. 
Biity  happened  May  18,  172'2,  between  the  hours  of  three  and 
five,  when  the  beck  was  raised  mure  than  two  yards  in  perpendi* 
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cnlar  height,  abore  what  was  ever  known  before.  Sevrral  houses, 
four  millSf  some  say  six,  nine  stone-b ridges,  and  ten  or  eleven  of 
wood,  are  broken  down,  and  the  wheels,  dams,  and  sluices,  of 
most  of  the  mills  that  are  left  standing,  broken  and  damaged ;  and 
a  great  deal  of  cloth  gone.     Fifteen  persons  were  drowned. 

The  rapidity  of  the  torrent  was  so  violent,  that  it  broke  down 
the  Dortbaide  of  Ripponden  chapel,  and  carried  off  most  of  the 
seatt.  It  tore  op  the  dead  out  of  their  graves*  It  swept  away  all 
te  com-laod,  as  deep  as  the  plough  had  gone.  Some  persons 
nved  themselves  by  forcing  a  way  out  of  the  roofs  of  their  houses, 
and  flitting  upon  the  ridges  till  the  floods  abated. 

IPhil.  Trans.  1772. 

SECTION  VI. 

Storm  of  Salt  Rain. 

Aloho  with  the  water,  gasseous  and  other  light  materials  that 

freqveatlj  ascend  into  the  atmosphere  in  the  usual  process  of 

evsporalion,  we  occasionally  meet  with  a  combination  of  much 

heavier,  and  more  unexpected  substances,  when  the  force  of  wind^ 

vtrfcaoic  eruptions,  local  electricity,  or  some  other  concurrent 

power  is  present  and  in  great  activity.   The  following  is  a  singular 

instance  of  the  kind,  and  made  so  striking  an  impression  at  the 

tine,  that  the  Philosophical  Transactions  contain  three  separate 

irticles  npon  it;  which,  as  each  contains  circumstances  unnoticed 

hf  the  rest,  we  shall  give  in  their  regular  order.      The  three  en- 

ittiig  sectioni,  however,  will  be  found  to  offer  still  more  cxtraor. 

dtaary  examples.  [Editor. 

1.  Soli'Storm  in  Sussex:  as  described  in  a  Letter  from  John 

Fuller,  Esq.  Dec.  6,  1703. 

We  lire  ten  miles  from  the  sea  in  a  direct,  and  yet  cannot  per- 
tude  the  country  people  but  that  the  sea  water  was  blown  thus 
iir,  or  that  during  the  tempest  the  rain  was  salt ;  for  all  the  twigs 
rfthe  trees  the  day  after  were  white  and  tasted  very  salt,  as  I  am 
Mnmed  almost  by  every  body,  though  I  did  not  taste  them  time 
(toigh  myself,  nor  observe  it ;  and  that  not  only  upon  this  hill 
where  we  live  facing  the  sea,  but  in  all  other  places  within  four. 
^  or  ifteen  miles  of  the  sea,  as  well  in  the  valleys,  between 


• 
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which  and  the  sea  are  sereral  ?ery  high  hills,  as  on  the  hills  them, 
selves. 

9.    Observations  on  the  above,  b^  the  Rev,  William  Derham, 

r  •  it,  S» 

Of  the  preceding  parts  of  this  year,  the  months  of  April^  Aiaj, 
June,  and  July,  were  wet  in  the  southern  parts  of  England ; 
particularly  in  May,  when  more  fell  than  in  any  month  of  any 
year  since  1696 ;  June  also  was  yery  wet ;  and  though  Joly  iMd 
considerable  intermissions,  yet  on  the  28th  and  20th  there  faii 
yiolent  showers  of  rain.  And  the  newspapers  gave  accounts  of 
great  rains  that  month  from  divers  places  of  Europe ;  but  the 
north  of  England  (which  also  escaped  the  yiolence  of  the  lale 
'Storm)  was  not  so  remarkably  wet  in  any  of  those  months ;  at 
least  not  in  that  great  proportion,  more  than  in  the  sonthem 
parts,  as  usually  there  are ;  particularly  July  was  a  dry  month 
with  them.  September  with  us  was  a  wet  month,  especially  the 
latter  part  of  it.  October  and  November,  though  not  remarkably 
wet,  yet  have  been  open  warm  months  for  the  most  part*  My 
thermometer,  the  freezing  point  of  which  is  about  84,  has  beet 
very  seldom  below  100  all  this  winter,  and  especially  in  No- 
vember. 

Thus  I  have  given  a  short  account  of  the  preceding  dispositioo 
of  the  year,  particularly  as  to  wet  and  warmth ;  because  I  am  of 
opinion  that  these  had  a  great  influence  on  the  late  storm  ;  not 
only  in  causing  a  repletion  of  vapours  in  the  atmosphere,  but  also 
in  raising  such  nitro-sulphureous  or  other  heterogeneous  matter| 
which  u  hen  mixed  together  might  make  a  sort  of  explosion,  like 
tired  gunpowder,  in  the  atmosphere:  from  which  explosion  I 
judge  those  corruscations  or  flashes  in  the  storm  proceeded, 
which  most  people,  as  well  as  myself,  observed,  and  which  soma 
took  for  lightning. 

On  Thursday,  Nov.  25,  the  day  before  the  tempest,  in  the 
Biorning  there  was  a  little  rain,  the  winds  high  in  the  afternoooi 
at  S.  by  E.  and  S.  In  the  evening  there  was  lightning,  and  be- 
tween nine  and  ten  o'clock  at  night,  a  violent  but  short  storm  of 
wind,  and  much  rain,  at  Upminster,  and  of  hail  in  some  other 
places,  which  did  some  damage.      Next  morning,  November  S6| 
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th^  wind  wms  S.S.W.  and  high  all  diy,  and  so  continued  till  I  was 
in  bed  and  asleep.  Aboot  twelre  that  night  the  stor-n  awakened 
me,  which  gradually  increased  till  near  three  that  mortiin<^.  And 
from  theoce  till  near  s«¥en  it  continued  with  the  greatest  rio. 
ience  ;  then  it  began  to  abate  slowly,  and  the  mercarj  to  risa 
swiftlj.  Tho  barometer  I  fonnd  at  l^h.  ^  P.  M.  at  ^S.72,  wher« 
it  continaed  till  about  six  the  next  morning,  and  then  hastily  rose; 
10  that  it  was  gotten  to  82  about  eight  o'clock. 

The  degrees  of  the  wind's  strength  not  being  measurable,  but 
bf  gaess,  I  thus  determined  with  respect  to  other  storms :  oo 
Febraary  7,  1699,  was  a  terrible  storm,  tbat  did  much  damage  : 
tUi  1  number  10  degrees ;  the  wind  tben  W.  N.  W.  Tid.  Phil.Tr. 
No.  t62*  Another  remarkable  storm  was  Feb.  3,  1702,  at  whic^ 
lime  was  the  greatest  descent  of  the  mercury  eTer  knowa :  this  I 
inaUier  0  degrees.  But  this  last  of  Xorember,  I  number  at  least 
IS  degrees* 

I  have  accounts  of  the  riolence  of  the  storm  at  Norwicb,  Bee* 
cles,  Sadbory,  Colchester,  Rochford,  and  sereral  other  interme- 
diate places. 

I  have  jnst  receired  an  account  from  a  clergyman,  an  intelligent 

penpo,  at  I/ewes  in  Sussex,  not  only  that  the  storm  made  great 

desolations  thereabouts,  but  also  an  odd  circumstance  was  occa- 

lioned  by  it,  riz.     ^'  That  a  physician  trarelUng  soon  alter  the 

itorm  to  Ttsehyrst,  about  twenty  miles  from  Lewis,  and  as  far 

from  the  sea,  as  he  rode  he  plucked  some  tops  of  hedges,  and 

chewing  them  he  found  them  salt.     Some  ladies  of  I^wes  hearing 

this,  tasted  some  grapes  that  were  still  on  the  Tines,  and  they  also 

kad  the  same  relish.     The  grass  on  the  downs  in  his  parish  was  so 

lalt,  that  the  sheep  in  the  morning  would  not  feed,  till  hunger 

compelled  them,  and  afterwards  drank  copiously  as  the  shepherds 

report.     This  he  attributes  to  saline  particles  driren  from  the  sea. 

He  hears  also,  that  people  about  Portsmouth  were  much  annoyed 

with  sulphureous  fumes,  complaining  they  were  almost  sutFocated 

vith  them." 

3,  Additional  Observations  on  the  same^ 

By  M.  Leuweohoeck. 
Upon  the  81h  of  December,   1703,  N.  S.   we  had  a  dreadful 
storm  from  the  south  west,  insomuch  that  the  water,  mingled  with 
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small  parts  of  chalk  and  stone,  was  so  dashed  against  the  windowS| 
that  many  of  them  were  darkened  with  it ;  and  the  lower  windows 
of  my  house  were  not  opened  till  eight  o'clock  that  momiDg, 
notwithstanding  that  they  look  to  the  north  east,  and  conseqnently 
stood  from  the  wind,  and  though  guarded  from  the  rain  by  a  kind 
of  shelf  or  pent*house  over  them,  were  yet  so  covered  with  the 
particles  of  the  water  which  the  whirlwind  cast  against  them, 
that  in  less  than  half  an  hour  they  were  deprired  of  most  of  thdr 
iransparency.  Supposing  this  might  be  sea-water  which  the  storm 
had  not  only  dashed  against  our  windows,  but  spread  also  OTsr 
the  whole  country,  I  viewed  the  particles  with  my  microscope, 
and  found  they  had  the  figure  of  our  common  salt,  bat  lery  smalli 
because  the  water  was  little  from  whence  those  small  partidcs 
proceeded  ;  and  where  the  water  had  lain  very  thin  npon  tiM 
glass,  there  were  indeed  a  great  number  of  salt  particles,  but  so, 
exceedingly  fine  that  they  almost  escaped  the  sight  through  a  veij 
good  microscope. 

But  as  to  the  upper  windows,  where  the  rain  had  beat  against 
them,  and  washed  them,  there  was  little  or  no  salt  to  be  foond 
sticking  upon  them. 

During  the  said  storm,  and  about  eight  o'clock  in  the  momingi 
casting  my  eye  on  my  barometer,  I  observed  that  I  had  never  seea 
the  quicksilver  so  low ;  but  half  an  hour  after,  the  qnicksilfer 
began  to  rise,  though  the  storm  was  not  at  all  abated,  at  least  to 
any  appearance  ;  from  whence  I  concluded  that  the  storm  would 
not  last  long;  and  so  it  happened  accordingly.  Some  person 
feared  that  the  scattering  of  this  salt  water  by  the  storm  will  do  a 
great  deal  of  harm  to  the  fruits  of  the  earth  ;  but,  for  my  part,  I 
am  of  a  quite  different  opinion ;  for  I  believe  that  a  little  ssM 
spread  over  the  surface  of  the  earth,  especially  where  it  is  heavy 
clay.ground,  renders  it  very  fruitful ;  and  so  it  would  be  if  tht 
sea  sand  were  made  use  of  to  the  same  purpose. 

[PAi/.TVuH.  1704. 
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BECTIOX    VII. 


VoleanU  Shovert  or  Ram. 
1.  General  Remarkt. 
The  eDormons  Tiolcnce  nith  which,  during  ernptions,  the  n 
lull  llMt'corapose  the  bowels  o<  the  volcano  arAjecled  into  the  at-^ 
BOiphere,  and  the  disturbance  which  U  usually  commuoicsted  to 
th*  teral  r«gioDS,  produce  a  conjoint  force  which  is  frequently 
nficaent  to  driie  such  materials  in  the  coarse  of  (he  wind  (o  a  dis- 
tance of  tereral  hundred  mites;  and  the  finer  par(ic]es  or  duit 
t«  that  of  serenl  hundred  teagufs.  We  proceed  to  give  a  few 
naaiplM.  [Ejifor. 

3.  Shower  of  Aikei  in  the  Jrchipelago. 

By  Capi.  William  BadHy. 

Deeettber  6,  1 631 ,  riding  at  anchor  in  the  Gulf  of  Volo,  about 
<tn  o'dock  that  night,  it  began  lo  rain  tind  or  ashes,  and  continued 
lill  t»o  o'clock  the  next  murning.  It  was  about  two  inches  thick  on 
tbrdeck,  so  that  we  threw  it  orerboard  with  shoTels,  aj  we  did  snow 
tht  (Ujr  herore.  The  tguantitf  of  a  bushel  we  brought  home,  and 
prtMHled  to  several  friend?,  especially  to  the  masters  of  the  Tru  ' 
°>'f  IloBte.  There  was  no  wind  stirring  when  these  aahes  fell  jn 
inilihej  not  only  fell  in  the  places  where  we  were,  but  likewiM 
in  Dtber  parts,  as  ships  were  coming  from  Sf,  John  d'Acr 
port;  though  at  that  time  a  hundred  leaguis  from  us.  We  cog 
t*rtil  the  atbes  together,  and  found  them  botli  alike. 


i-  Sktwer  of  Dvtl  that  felt  on 
IcilaHd:  ia  a  Letter  from  Dr 


a  Ship  between  Shetland  amf  J 
Robert  IVkytt,  Prof.  Med. 


I 


By  letters  from  a  passenger  on  board  a  ship  honnd  from  Lettkf 
'ii  CbtHestown  in  South  Ciroliua,  it  appears  that  on  the  night  of  . 
Mt  13d  or  94lh  of  October  la«t,  when  the  weather  was  quite  calm, 
1  >hDver  of  duet  fell  on  the  decks,  tops  and  laila  of  the  ship,  to 
I^Beit  morning  they  were  covered  thick  with  it.  The  ship  at 
tn  thna  was  b*(W--en  Shetland  and  Iceland,  about  twenty. five 

'H.  It.  »» 
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leaguei  dk^tant  from  the  former,  and  which  was  the  netrest  land. 
This  shower  was  probably  owing  to  the  great  eruption,  which  hap« 
pcned  at  mount  Ilecla  in  Iceland,  in  October. 

4.  On  a  neio  kind  of  Rain,  Btj  the  Count  de  Gtoenij  an  inhabU 
tant  of  the  third  Region  of  Mount  Etna,  Translated  from 
the  Italian, 

The  morning  of  tne  ^4th  inst,  (April  1781)  exhibited  here  a  most 
singular  phenomenon.  Every  place  exposed  to  the  air  was  found 
wet  with  a  coloured  crefaceous  grey  water,  which,  after  evapo- 
rating and  filtrating  nway,  left  every  place  covered  with  it  to  the 
height  of  two  or  three  lines;  and  all  the  iron-work  that  was 
touched  by  it  became  rusfy.  The  shower  extended  from  N.  J  N.Et 
to  S.  I  S.  W.  over  the  fields,  about  seventy  miles  in  a  right  line 
from  the  vertex  of  Etna.  There  is  nothing  new  in  volcanos  having 
thrown  up  sand,  aud  also  stones,  by  the  violent  expansive  force 
generated  within  them,  which  sand  has  been  carried  by  the  wind 
to  distant  regions.  But  the  colour  and  subtilty  of  the  matter  oc* 
casioned  doubts  concerning  its  origin ;  which  increased  from  tlie 
remarkable  circumstance  of  the  water  in  which  it  came  incorpo- 
rated  ;  for  which  reasons  some  other  principle  or  origin  was  soft* 
pected. 

It  became  therefore  necessary  by  all  means  to  ascertain  the  ni« 
ture  of  this  matter,  in  order  to  be  convinced  of  its  origin,  and  of 
the  efifects  it  might  produce.  This  could  not  be  done  without  tlie 
help  of  a  chemical  analysis.  To  do  this  then  with  certainty,  I  en- 
deavoured to  collect  this  rain  from  places  where  it  was  most  pro* 
bable  no  heterogeneous  matter  would  be  mixed  with  it.  I  therefore 
chose  the  plant  called  Brassica  Capitate,  which  having  large  and 
turned  up  leaves,  they  contained  enough  of  this  coloured  water; 
many  of  these  I  emptied  into  a  vessel,  and  left  the  contents  to  settle 
till  the  wafer  became  clear.  This  being  separated  into  another 
Tessel,  I  tried  it  with  regetable  alkaline  liquors  and  mineral  acids; 
{)ut  could  obserre  no  decomposition  by  either.  I  then  evaporated 
the  water,  to  reunite  the  substances  that  might  be  in  solution  :  and 
touching  it  again  with  the  aforesaid  liquors,  it  showed  a  slight  efler* 
rescence  with  the  acids.  When  tried  with  the  syrup  of  Tiolcts, 
this  became  a  pale  green ;  so  that  I  was  persuaded  it  contmined  a 
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Toleanie  mattes  contained  might*  by  iU  rarefaction ,  be  carried  to 
the  atmosphere  hj  the  winds,  orer  that  tract  of  country ;  and  then, 
cooling  so  as  to  condense  and  become  specifically  heavier  than  the 
air,  might  descend  in  that  coloured  rain.  I  mast,  howerer,  leata 
to  philosophers,  to  whom  the  knowledge  of  natural  agents  belongs, 
the  examination  and  explanation  of  'such  phanomena,  confining 
myself  to  obserration  and  chemical  experiments. 

P.  S.  On  Friday  the  4th  of  May,  about  a  quarter  past  thrte  hi 
the  aftefnoon,  a  slight  shock  of  an  earthquake  was  felt  in  the  cornu 
try  ab^ut  Etna,  which  became  more  sensible  at  some  distance 
from  the  mouatein ;  its  direction  was  from  north  to  south.  T%t 
Tolcano  Wl  contiooed  its  flames  and  explosions  ;  and  the  night  be« 
Ibre,  a  column  of  smoke,  composed  of  globes  as  it  were  piled  on 
each  other,  had  ascended  orer  the  crater  to  double  the  height  of  the 
mountain,  as-  far  at  least  as  one  couldjudge  at  the  distance  of  twenty, 
two  mileSy  which  the  vertex  is  in  a  right  line  from  this  city.  This 
remained  the  whole  night  perpendicular^  only  one  of  theglobea  had 
separated  and  lengthened  out  to  the  westward  from  the  i ommit. 
Now  and  then  all  the  inside  of  the  column,  and  of  the  lengthened 
ou^Murt,  became  illuminated  by  electric  fire,  which  was  of  a  deep 
red  colour,  and  gradually  went  out  again,  beginning  at  the  bottom,. 
In  about  two  seconds.  The  fire  has  continued  on  the  crater  till 
this  day.  May  8th,  ejecting  red-hot  masses  or  stones,  which  rolling 
beautifully  down  the  cone,  have  illuminated  this  region ;  some  Ufa 
has  run  over  from  the  crater  towards  the  W.N.  W.  but  withool 
ka? in^  force  enough  to  burst  the  sides  or  walls  of  the  Tolca»K 
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SHOWBB  OP  PPHICB-STONE9. 


'riling  Shoal  of  Pumice-ttonei  found  fioaiing  on  Iht  Sea. 

Bi  inha  Done  *. 

On  the  m  of  Marcfa,  l7?4-5,  at  noon,  being  in  the  latilnat  of 
35'  Stf  south,  and  loagitude  4°  9"  west,  with  variklion  3°  16'  W, 
tbey  discorered  $e*eral  pumice- xtunes  un  the  tea ;  but  iiot  ekpcct- 
ifig  any  such  thing  at  (hat  distaoce  from  the  UnJ,  the  islandi 
Triitan  d'Acunfaa  being  the  nearest,  which  were  judged  to  bear 
W.  p°  If/  S.  distance  ISC  leagues,  they  disputed  what  it  might  be ; 
when  about  one  P.M.  they  took  up  a  piece  in  a  bucket,  which 
coD&rmed  M  r.  Dove's  opinion  of  itit  being  pumice.stones.  Toward* 
night  it  was  spread  all  round,  as  far  as  could  be  seen,  Nett 
morviog  (he  pumice-stoiif s  were  yety  thick,  in  drifts,  lying  N.N.E. 
and  S.S.W,  and  extended  out  of  sight  from  the  mast  haad,  io- 
creasing  as  they  ran  to  the  eastward. 

Wednesday  the  ^4th  they  continued  their  course  E.S.E.  140 
miles,  the  pumice^tones  being  thicker  i  so  that  for  sivteeu  hours 
soa«  »f  the  drifts  were  about  a  cable's  length  broad,  and  so  (hick, 
they  could  scarcely  si-e  the  water  between  Ihem ;  and  ihere  Was 
nucb  the  same  breadth  between  the  drifts,  with  several  puniice- 
slonea  inlerspeised.  Towards  noon,  Ihey  found  tlie  pumice  some- 
what thinner  :  htiiude  3?°  35'  S.  and  longitude  1°  4'  W. 

Thursday  the  ■25tit,  in  the  cTi-ntDg,  the  drifts  were  near  as  large 
as  above,  bat  towards  next  morjnng  they  decreased  much  ;  so  tluU 
about  noon  they  were  clear  of  the  pumice. 3(ones,  seteral  of  which 
were  as  large  as  a  man's  head.  They  sailed  31?  miles  since  (hey 
Gnt  discovered  them.  They  lay  just  in  the  track  for  ships  ouU 
ward  bound;  and  all  the  ships  that  went  out  the  same  year  and 
tbce,  who  go  so  far  to  the  southward,  have  fallen  in  with  them. 
In  (he  morning  they  tried  the  current,  but  found  nunc  :  and  no 
(round  at  130  fathoms.  At  noon,  latitude  37°  64' S.  longitud* 
E^atf  E.  they  judged  Tristan  d'Acuiiha  bore  W.  3°  3U'  N.  Dis- 
(iBce  966  leagues,  supposing  it  to  lie  in  latitude  37°  V  S.  and  Ion. 
^lude  IS'Sff  W. 

{Phil.  Trant.  1728, 


L 


166  3H0W£R  OF  FISHES. 


SECTION    VIII. 


Shoner  of  Fishes* 
By  Robert  Conny. 

On  Wednesday  before  Easter,  anno  )666)  a  pasture  field  at. 
Cranstead,  near  Wrotham,  in  Kent,  about  two  acres,  which  Is  fiir 
from  any  part  of  the  sea,  or  branch  of  it,  and  a  place  where  are  do 
fish.ponds,  but  a  scarcity  of  water,  was  all  overspread  with  litde 
fishes,  conceived  to  be  rained  down,  there  having  been  at  that  time 
a  g^eat  tempest  of  thunder  and  rain  ;  the  fishes  were  about  the 
length  of  a  man*s  little  finger,  and  judged  by  all  who  saw  them  to 
be  young  whitings.  Many  of  them  were  taken  np,  and  showed  to 
aoTerai  persons.  The  field  belonging  to  one  Ware,  a  yeoman^  wlio 
was  at  that  Easter  Sessions  one  of  the  grand  inquest,  and  carried 
some  of  them  to  the  sessions  at  Maidstone  in  Kent,  and  he  showed 
them,  among  others,  to  Mr.  Lake,  a  bencher  of  the  Middle  Templei 
who  had  one  of  them,  and  brought  one  to  London.  The  truth  of 
it  was  averred  by  many  that  saw  the  fishes  lie  scattered  all  oyer 
that  field.  There  were  none  in  the  other  fields  adjojining:  the 
quantity  of  them  was  estimated  to  be  about  a  bushel. 

\Phil.  Trans.  I698. 

It  is  probable  that  these  fishes  were  absorbed  from  the  surface  of 
the  water  by  the  electi^ic  suction  of  a  water.spout;  or  brushed  off 
by  the  violence  of  a  hurricane.  The  phaenomenon,  though  sur- 
prising, has  occurred  in  various  countries ;  and  occasionally  in 
situations  far  more  remote  from  the  coast  than  that  before  us  *• 

lEdiior. 

SECTION    VI. 

On  the  Nature  of  Snow* 

•  1.  Configuration  of  its  Crystals' 

By  Dr.  Grew. 

If  Aristotle  and  Descartes,  &c.  who  have  written  of  meteors, 
and  amongst  them  of  snow,  have  not  given  a  full  account  of  it,  it  witt 

•  For  the  fall  of  aerolites,  or  meteoric  stooei,  ice  chapter  xlvi.  lectiOB  vM. 
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not  be  needless  to  inquire  further  of  it.  He  tint  will  do  tliis,  wtU 
do  it  iiest,  not  b}*  the  pursuit  of  his  hncj  in  a  chair,  bat  with  his  eres 
abroad  ;  where  if  we  use  them  well  fixed,  and  with  cantioa^  aad 
this  in  a  thin,  cairn,  and  still  snow,  we  maj  by  degrees  oliserre  : 
Ist.  with  M.  Descartes,  and  Mr.  Hook,  that  bsot  parts  cyf  mow 
ire  of  a  regular  figure ;  for  the  most  part,  as  it  wf  re  so  mMmy  fittlo 
rowels  or  stars  of  six  points  ;  bt-ing  perfect  and  transparent  ic«,  as 
aajr  we  see  on  a  pool  or  Tessel  of  water.  On  each  of  these  six 
points  are  set  other  collateral  points,  and  those  alwajs  at  the  sana 
aaglet  as  are  the  main  points  themsekes.  Next,  amoaj^  these  ir- 
legwUr  fignres,  though  manj  of  them  are  large  and  fair;  t*^  frvm 
these  taking  oor  first  item,  many  others,  alike  irrc^lar,  but  mock 
smaller,  may  likewise  be  discovered.  Again,  among  tliese  not  onlj 
legnlar,  but  entire  parts  of  snow,*  looking  still  more  warilj,  we 
shall  perceire  that  there  are  divers  others,  indeed  irregular,  yet 
chiefly  the  broken  points,  parcels  and  fragments  of  the  regolar 
ones.  Lastly,  that  besides  the  broken  parts,  there  are  some  otheis 
which  seem  to  hare  lost  their  regularity,  not  so  much  in  being 
broken,  as  by  rarious  winds,  first  gently  thawed,  and  then  frczea 
bto  little  irregular  clumps  agun. 

From  hence  the  true  notion  and  external  nature  of  snow  seems 

to  appear,  tIx.  that  not  only  some  few  parts  of  snov,  but  originally 

Ihe  whole  body  of  it,  or  of  a  snowy  cloud,  is  an  infinite  mass  of 

icicles  regnlarly  figured  ;  that  is,  a  cloud  of  rapoors  being  gathered 

iato drops,  the  said  drops  forthwith  descend ;  on  which  descent, 

tteeting  with  a  soft  freezing  wind,  or  at  least  packing  through  a 

colder  region  of  air,  each  drop  is  immediately  frozen  into  an  icicle, 

ihooting  Itself  forth  into  several  points  on  each  hand  outward  from 

its  centre:  but  still  continuing  their  descent,  and  meeting  with 

tome  sprinkling  and  intermixed  gales  of  warmer  air,  or  in  their 

continual  motion  and  waftage  to  and  fro,  touching  upon  each  other, 

ioiie  are  a  little  thawed,   blunted,  frosted,   clnmpered,   others 

broken,  but  the  most  clung  in  several  parcels  together,  which  wo 

call  flakes  of  snow. 

It  being  known  what  snow  is,  we  perceive  why,  though  it  seem's 
to  be  soft,  yet  it  is  truly  hard  ;  because  true  ice  ;  seeming  only  to 
be  soft;  because  on  the  firit  touch  of  the  finger  on  any  of  its  sharp 
^s  or  points,  they  instantly  thaw  ;  otherwise  they  would  pierce 
^  fingers  like  so  many  lancets.     Why  again,  though  snow  be 

m4 
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true  ice,  uod  so  a  hard  aod  de^se  bodj,  jet  very  light;  becanijB  <if 
the  extreme  thinoess  of  each  icicle  in  compariton  of  its  breadth* 
Also  how  it  is  white,  not  becaase  hard  ;  for  thei«  are  many  toft 
bodies  wh|te ;  but  because  consisting  of  parts  all  of  then  singly 
t^nspfirent,  bnt  being  mixed  together  api>ear  white ;  as  the  partp 
of  frot^,  glass,  ice,  and  other  transparent  bodies,  whether  aoft  or 
hard. 

Thus  mnch  for  t)ie  external  nature  of  snow  ;  let  i;is  neyt  a  little 
inquire  into  its  essential  nature.  Now  if  we  would  make  a  jndg* 
ment  of  this,  ^  think  we  may  best  do  it  by  oonsideriiig  what  A9 
general  figure  of  snow  is,  and  comparing  the  same  with  such  rcfnlar 
^gures  as  we  see  in  dirers  other  bodies.  As  for  the  figure  of  aioiri 
it  is  generally  one,  yiz.  that  which  is  above  described :  rmre|y  ef 
di^erent  ones,  which  may  be  reduced  chiefly  to  two  generaliy  cfar* 
cu|ars  and  hexagoufls,  either  simple  or  compoipnded  togethjBr* 
More  rarely,  either  to  be  seen  of  more  than  six  points ;  bat  if  lo, 
then  not  of  eight  or  ten,  but  twelve.  Or  in  single  sfapots,  as  sq 
many  short  slender  cylinders,  like  those  of  ni^.  Or  by  one  e( 
these  shoots,  as  the  axle  tree,  and  touching  upon  the  center  of  | 
pair  of  pointed  icicles,  joined  together  as  the  two  wheels.  Or  the 
same  hexagonal  figure,  and  of  the  same  usual  breadth{  but  contl* 
lined  in  thickness  or  profundity,  like  the  stone  which  Boetfip 
calls  Astroites.  All  these  I  say  are  rare,  the  first  described  bei«| 
the  general  figure  *. 

iPhil.  jyam9.  ljB7f 

To  de^ermii^e  the  quantity  of  water  a  giyen  qi|Anti^  of  snow  if 
jpqnal  to,  we  have  an  ingenious  article  in  the  same  journal  from  the 
pen  of  Mr.  Alexander  Brice  of  Kirknewton,  dated  May  13^  1766; 
In  which  he  obserres,  that  from  the  end  of  March  1765  to  the  end 
of  September  of  the  same  year,  they  had  very  little  rain  in  that 
part  of  Scotland,  and  less  snow  in  proportion :  the  riyers  were  as 

*  In  aa  article  in  a  subsequent  volume  by  M.  J.  C.  Beckman,  we  havelht 
f(pllowio)i;  notice  of  another  variety  in  the  form  of  snow.  On  the  1st  of  Much 
lasf,  there  fell  an  un'osuaJ  kind  of  snow,  which  I  considered  with  more  thaa  9t' 
dinary  attention.  It  had  none  of  the  ordinary  figures,  bnt  was  made  qpW 
little  pillara,  whereof  some  were  tetragonal,  some  bexaf^ooal,  with  a  eeat  btiii* 
Oo  Che  lop  they  were  somei^hat  larger,  as  the  heads  of  columns  are.  CeaiU 
dering  the  whole  shape,  wr  thought  fit  to  give  it  the  aaae  of  Nix  C9hmnMris» 
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ki«,  ifcravi^  Ike  wwin-,  «  tbtf  ntd  to  be  in  tb*  aiddle  of  «■■. 
mer ;  tpriagt  bOed  in  matt  pb«ct,  and  brewrn  and  Boitsters  wvn 
oUigol,  erea  in  winter,  to  cvr;  ibrir  water  tnm  a  coBsideraUc 

In  tbe  eMd  of  Uarck  last,  tbej  bad  a  EtU  of  soow  ;  aad,  m  1i« 
dU  out  mtnabrr  to  h*ie  e*«t  read  an  acconst  of  MKb  aa  axpen- 
meat,  be  wished  to  b«  able  U>  detenu int^,  to  wbU  qoaatitf  of  run 
tbu  hU  of  snow  was  c<|inl.  Tbe  snow  ImI  been  falliog  fr«n  in 
o'clock  tbe  forver  rreniag,  till  tea  o'clock  next  ilay  ;  ^MNrt  eteren 
o'dock  be  HMOMired  the  deplb  oS  the  snow,  and  toand  it  to  be 
A.S  inches ;  he  then  took  ■  sUwe  JDf ,  hotding  abont  three  EagUsh 
plot*,  and  larord  the  movth  ot  it  downwanU  on  the  mow  Be»- 
■orcd,  and  abere  the  groBod  below  wv  nnooth,  and  hard ;  and  by 
(his  means  he  took  up  all  the  snow  from  lop  to  boiton  in  the  jog ; 
Uiia  anew  he  melted  by  the  side  of  a  fire,  and  the  6.S  iocbei  of  snow 
j^ielded  fii-tenths  uf  ao  lach  deep  of  water  in  the  &a«ie  jog.  After 
tnptyiag  the  jug,  be  driMl,  and  weighed  it  in  a  balance,  and  took 
op  tba  ump  qtianliij'  of  suow  in  it  ^  before,  weighed  it  n^un,  and 
fMwd  the  weight  of  the  boow  taken  ap,  and  fraai  tUi  wdght  ma- 
pvjed  what  quantity  of  water  it  should  hare  pcodnccd,  and  fcaaJ 
Ihni  ilBhould  hare  produced  (i-lOth»  of  aa  inch,  and  UMMfc  of  aa 
iach  more  ;  be  then  disiolred  the  idow,  and  foand  that  it  jiclded  2 
ijnmntEtjr  of  water  in  the  boltost  of  the  jug,  6-lOthi  al  an  inch  deep 
u  iti  the  fonni-r  experiment.  The  difference  of  l.fOtb  of  an  inch 
in  Ihc  depth  of  Ihe  water,  between  the  weight  and  the  netting  of 
the  snow,  was  probably  owing  to  an  exhalation  from  the  jug,  white 
the  (now  was  melting  by  the  fire,  for  be  obserred  a  steam  some- 
linrt  rising  from  it.  A  greater  or  less  degree  of  cold,  or  of  wind, 
vhih)  tbe  snow  falls,  and  its  lying  a  longer  or  ihorter  time  on  the 
ground,  will  occasion  a  difference  in  the  weight,  and  in  the  qaaru 
tity  of  water  produced,  from  a  certain  number  of  cubic  feel,  or 
indico,  of  snow  ;  but  if  he  may  trust  to  Ihe  above  Iriah,  which  be 
tmlearoured  lo  perform  with  care,  mow,  newly  fallen,  with  a  mo. 
derate  gale  of  wind,  freezing  cold,  which  was  the  case  of  the  snow 
humade  tlie  trials  on,  ihe  37th  of  March  last,  will  produce  a  qoan. 
%  of  water  equal  tu  l.lOlh  part  of  i»  bulk;  or  Ihe  earth,  when 
cotrred  with  snow,  ten  inchei  deep,  will  be  moistened  by  it  when 
DicKed,  or  rireri  and  springs  recroitcd,  as  much  as  if  a  quantity  of 

I J 
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rain  kad  fallen  that  had  covered  the  sarface  of  the  earth  to  the 
depth  of  one  inch. 

[Phii.  Trans.  1766. 

2,  Mode  of  the  Formation  of  Snow. 

The  frequent  changes  of  the  weather  that  have  taken  place  dur- 
ing the  last  winter  *,  having  induced  me  to  direct  my  attention  to 
meteorology;  I  confess,  that  the-manner  in  which  philosophers  ac. 
count  for  some  of  the  phacnomeua  that  occur^  is  not^  to  me^  altoge- 
ther  satisfactory. 

It  is  not  surprising,  that  electricity  (with  the  immediate  agenej 
of  which  we  are  so  little  acquainted)  should  be  resorted  to,  as  the 
grand  agent  in  all  meteorological  pha?nomena.  Accordingly  we 
find,  that  soow,  and  indeed  every  variety  of  weather  we  experience^ 
Is  considered  to  be  more  or  less  affected  by  the  electric  fluid. 

Snow  is  generally  supposed  to  be  the  vapours  of  the  atmosphere^ 
disengaged  hy  the  electric  fluid,  and  frozen. 

But  it  appears  to  me,  that  before  we  receive  so  vague  an  ex* 
planatlon,  the  following  questions  might  be  asked  : — 

What  are  the  vapours  of  the  atmosphere  composed  of? 

By  what  laws,  and  in  what  manner  does  the  electric  fluid  tct| 
either  In  the  formation  of  snow,  or  as  a  component  part  of  it  ? 

I  shall  now  ofTcr  a  few  remarks  to  strengthen  a  supposition  that  ' 
the  electric  fluid  is  not  engaged  in,  or  in  the  least  essential  to  the 
production  or  existence  of  snow. 

By  an  attentive  observation  of  all  the  circumstances  that  hate 
attended  the  fall  of  snow,  during  the  last  winter,  I  have,  in  almost 
every  instance,  found  that  it  is  accompanied  with,  or  rather  pre. 
ceded  by  a  change  of  the  wind  ;  and  that  the  wind,  previous  to  tiie 
fall  of  snow,  blew  from  some  point  between  the  south  and  the 
west ;  and  afterward  from  some  point  between  the  east  and  the 
north,  west  +, 


*  If  it  it  observedi  (hat  we  have  sometimet  miow,  withont  (he  wind  chaogiaipta 
ao^rof  (he  points  abovr-mcntioBedB  or,  ewtn  wi(hou(  a  riiible  change  to  « | 
yet  it  doei  not  militate  against  (he  followini;  rf  mark'* ;  for  it  has  be«o  obaerved 
by  aeronaats,  that  different  strata  of  air  blow  from  opposite  poiats  at  the  nae 
time.  Therefore,  notwithstanding  a  sooth  wind  may  prevail  at  the  wrface  af 
the  earth,  a  sopenor  stralam  may  blo#  from  the  north. 

*  1801. 


rORMATIOX  1^  SHOW.  171 

Such  being  the  facts,  b  it  not  probible,  that  a  dun^e  of  the  vind 
is  the  cause  of  snow  ? 

Now  let  us  eiamine^  whether  suck  a  cause  will  pradaoe  iadi  an 
effect. 

The  winds  that  blow  from  unj  of  the  poiats  between  tke  aoath 
and  the  west,  by  coming  from  warm  climates,  and  passing  0Tcr, 
perhaps,  a  very  large,  tract  of  water,  where  there  is  a  poseiiul 
traporation  going  on,  mnst  possess  a  very  great  degree  of  hnmi. 
(fity,  and  are  most  coouDonly  of  a  temperature  between  4^"  ami 
00"  of  Fahrenheit. 

The  winds  wliich  blow  from  any  of  the  points  between  the 
and  the  north-west,  by  comiog  mostly  from  such  high  latitudes, 
passing  o? er  immense  fields  of  ice,  where  era[>oration  is  undoubt. 
edly  greatly  impeded,  cannot  be  supposed  to  contain  much  water 
in  solution,  but  must  bring  with  them  very  great  degrees  of  cold. 

Now  let  us  suppose  that  a  north  wind  of  any  temperature  be» 
tween  S^  and  0^  (which  it  generally  is,  in  superior  strata  of  the 
atmosphere)  meets  a  south-west  wind,  as  before. meutioned,  the 
consequence  will  be^  that  the  intense  cold  which  accompanies 
the  former  will  convert  the  water  with  which  the  latter  is  impreg* 
nated,  into  ice  ;  and  the  instantaneous  application  of  oold  is  pro. 
hably  the  reason  why  snow  is  produced  in  what  we  call  flakes;  for 
before  the  tapour  can  concentrate  itself  into  large  particles,  or 
dlDps,  it  is  arrested  by  the  intense  cold. 

In  this  view,  the  formation  of  snow  appears  to  be  a  beautiful 
chemical  phxnomeuon ;  for  the  warmer  air,  ha? ing  a  greater  affinity 
for  the  colder  air  than  it  has  for  the  water  which  is  held  in  solution, 
the  water  is  disengaged,  crystallized  by  the  cold,  and  precipitated 
lo  the  form  of  snow. 

It  is  generally  observed,  that  it  is  unusually  cold  for  half  an  hour 
or  an  hour  before  the  fall  of  snow,  and  warmer  afterwards.  Might 
not  this  be  accounted  for,  by  considering  that  the  adverse  wind 
must  meet  with  consistence,  in  effecting  either  a  union  with,  or  a 
pusage  through  a  stratum  of  air  surcharged  with  water,  and  con. 
lequently  must  be  In  a  great  degree  reflected  back  again,  nof  in 
the  perpendicular,  but  as  radii  from  a  center,  in  an  oblique  direc* 
tion,  part  of  which  must  descend  to  the  earth.  And  it  will  un. 
doubtedly  be  warmer,  after  the  stratum  of  north  wind  has  either 
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forced  a  passage  through  or  effected  a  unioa  with  the  soath«west 
wind*. 

Though  I  hare  not,  in  the  preceding  obserrations,  coniidered 
the  electric  fluid  as  at  all  essential  to  the  production  of  snow,  jet  I 
do  not  deny  the  presence  of  it.  That  snow  contains  tlie  electric 
fluid,  cannot  be  doubted  ;  but  it  does  not  follow,  that  the  latter  is 
necessary  to  the  existence  of  the  former*  We  know  of  no  sob. 
stance  in  nature,  that  is  impervious  to  that  subtile  fluid  ;  it  seems 
to  perrade  all  bodies  with  nearly  the  same  facility  as  caloric. 
Therefore,  though  snow  indicates  electricity,  it  is  probaUy  no 
more  than  it  lias  acquired  in  its  passage  through  an  eleotrifled  at- 
mosphere. 

[^Nichoison^i  Journals 

SECTION  X. 

Snow  of  a  Red  Colour. 
I  •  Descent  oj  Red  Snow  at  Genotu 

In  a  communication  from  Signor  Sarotti,  the  Venetian  Beaidett 
at  Genoa,  to  the  Honourable  Mr.  Boyle. 

On  St.  Joseph's  day,  on  the  mountains  called  Le  Langlie,  there 
fell  on  the  white  snow,  that  lay  there  before,  a  great  qnanttty  of 
red,  or  if  you  please  of  bloody  snow.  From  which,  being  sqneeie^f 
there  came  a  water  of  the  same  colour* 

IPhU.  Tr^n.  1678. 

m 

Although  no  mention  is  here  made  of  any  rolcanic  empCion  in 
the  neighbourhood,  it  is  probable  that  the  cause  of  tlie  ^]ouw  wfi 
owing  to  some  colorific  material  thrown  forth  in  the  coprse  of 
such  a  phaenomenon.  In  article  4,  of  section  yii.  we  hare  alread|f 
noticed  a  descent  of  coloured  rain,  evidently  deriyfng  its  pecnliir 
tincture  from  such  a  cause. 

In  the  following  article,  M*  Saussure  offers  another  opiniooi  or 
rather  sereral  other  opinions,  for  he  seems  by  no  means  to  hare 
satisfied  himself  upon  the  subject.  [Editor. 

«  The  water  gitet  out  beat  in  congelation.  Vide  Irwiiie^  Blacky  GfiW 
foffd,  Arc. 
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5.  SnvK  of  a  Red  Colour  found  in  the  Alps. 
Wrsm  M.tteSaussure  explored  mount  BreTen,  for  Ihe  fint  time, 
in  Ike  jrear  1 7^,  b«  found  in  sereral  (ilnces  un  a  d^clirily  snow 
itin  remaining,  and  was  not  a  little  surprised  to  see  the  surface  of 
!>,  in  rarioiu  p*rt5,  tinged  wilh  a  Tery  lirely  red  colour.  Thii 
coloor  <rai  brightest  in  ihe  middle  of  such  spots  as  had  their  cen- 
Irtt  more  depressed  than  the  edges,  or  where  different  planes  co- 
rned with  inDw  seemed  to  be  joined  to  eacli  other.  When  he 
(uminett  this  mow  more  closely,  he  remarked  that  its  redoesa 
proceeded  from  a  very  line  powder  mixed  with  it,  and  which  bad 
prnetrated  to  the  depth  of  two  or  three  inches,  but  no  farther.  It 
Jid  not  appear  that  this  powder  had  come  from  the  higher  parts  of 
the  mountain,  because  some  of  it  was  found  in  places  at  a  consi. 
dcrable  distance  from  the  rocks  and  much  lower  down;  and  It 
■ppeared  also  that  it  had  not  been  conveyed  thither  by  the  winds, 
because  it  wu  not  disposed  in  stripes  or  \a  the  form  of  radii.  The 
most  probable  conjecture  therefore  was,  that  it  was  a  production 
nf  Ihe  snow  itself,  or  (he  remains  of  its  partial  melting  suspended 
11  iti  aurface  as  in  a  Gltre  when  Ihe  water  passed  through  it.  What 
K^med  to  faiour  this  conjecture  still  more,  was,  that  the  colour 
■t  the  edges  of  the  hollow  places  where  little  water  had  sunk 
<lo«n  was  extremely  faint ;  and,  on  the  other  hand,  shewed  itself 
I'ronger  in  those  parts  where  the  greatest  quantity  of  nater  sei-med 
Uhare  penetrated. 

M.  de  Saossure  took  a  tumbler  full  of  this  snow,  as  he  had  no 
oilier  rMset  with  him,  and  held  it  in  his  hand  till  the  snow  melted, 
wbra  he  soon  saw  the  red  dust  deposit  itself  at  the  bottom.  Its 
c<daar  (ben  did  not  appear  so  dazzling  as  before,  and  when  dry  it 
lull  it  entirely:  it  decreased  also  in  quantity,  so  as  almost  (o  appear 
MlUng. 

NeU  year  M.  de  Sanssare  ascended  the  Breren,  and  found  on 
<<  (  quantity  of  Ihe  same  kind  of  red  snow,  same  of  irhich  he 
KnwieU  closely  together  and  put  into  a  large  handkerchief,  but 
Ware  he  got  home  it  was  entirely  dissoWed  by  Ihe  heat  of  tbe* 
tin.  It  was  not,  howerer,  on  the  Breven  alone  that  he  dbc07ered 
Hio*  of  this  kind;  for  he  foand  it  on  all  the  high  mountains  of 
t)i«  Alps,  abont  the  same  season  of  the  year,  and  id  similar  sitna. 
Sow ;  to  that  b«  was  much  surprised  that  authors  who  bad  written 
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respecting  the  Alps,  such  as  Scheachzer,  had  made  no  mentioii  of 
it.  It  is,  indeed,  true  that  it  is  found  only  in  hollows,  where  the 
snow  lies  deep,  and  at  the  season  of  the  year  when  the  melting  of 
it  has  proceeded  to  a  certain  degree ;  for,  when  none  of  the  sooir 
or  when  very  little  of  it  has  been  melted,  the  dust  is  then  in  too 
small  quantity  to  attract  the  eye;  and  if  the  melting  has  proceeded 
too  far,  the  whole  of  the  powder  has  passed  through  with  tbt 
water,  and  it  becomes  equally  iuTisible.  Besides,  towards  the 
end  of  the  melting,  a  great  many  foreign  particles  and  impurities, 
conTeyed  thither  by  the  wind,  are  mixed  with  it,  so  that  its  colour 
is  no  longer  distinguishable. 

In  the  year  1778,  when  M.  de  Saussure  was  on  mount  St.  Ber. 
nard,  he  found  a  great  deal  of  (he  same  kind  of  snow.  He  collected 
as  much  of  it  as  he  possibly  could ;  and  Mr.  Murrith,  an  experi- 
enced naturalist,  collected  some  of  it  also;  so  that  they  were  enabled 
to  make  someex  periments.  On  account  of  its  great  specific  gratify, 
M .  de  Saussure  treated  this  red  powder  as  an  earth,  first  with  dis. 
tilled  vinegar,  but  he  employed  so  little  that  he  had  no  result.  Iff 
then  boiled  it  in  the  muriatic  acid,  and  obtained  a  solution,  which, 
when  carefully  distilled  and  filtered,  had  so  brown  a  colour  that  he 
was  quite  at  a  loss  respecting  the  nature  of  this  substance.  Ha 
therefore  applied  it  to  the  blow -pipe,  and  obserred  that  it  inflamed 
with  a  smell  like  that  of  burnt  vegetables. 

This  experiment  induced  M.  de  Saussure  to  digest  forty  grains  of 
the  po'vder  in  spirit  of  nine;  and  having  filtered  the  solution,  be 
found  that  the  residue  weighed  seven  grains  less:  the  spirit  of  wine 
had  become  of  a  golden  yellow  colour.  He  then  distilled  it  in  a 
balneum  maris,  and  the  spirit  of  wine  came  off  perfectly  pure. 
An  oily  transparent  matter  of  a  golden  brown  colour,  which  by  the 
warmth  of  the  balneum  mariae  had  not  become  dry,  remained  at 
the  bottom  of  the  retort.  This  oily  matter  had  a  smell  like  that  of 
wax,  which  it  emitted  also  when  burning.  The  deposit,  which 
the  spirit  of  wine  had  not  desolved,  was,  in  regard  to  its  extractive 
|>art,  also  inflammable  ;  and  the  ashes  which  remained  after  it  was 
burnt,  though  ihvy  did  not  seem  alkaline,  were  refused  by  thr 
the  blow.pipe  into  a  porous  kind  of  greenish  glass-. 

These  experiments  seem  to  prove  that  this  powder  was  a  vegeta* 
ble  substance,  and  probably  the  farina  of  some  flower.  M.  Je 
Saussure  wai  acquainted  with  no  plant  in  Swisserland  (hat  pro* 
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daecd  nd  ftrina  in  snch  abandance  as  to  tinge  the  snow  of  the 
Alps  Ftd;  eipecially  when  it  is  considered  that  a  great  dial  of  it 
BMHt  be  lost  before  it' can  roach  the  spots  where  the  red  snow  is 
iNUid.  Bat  the  action  of  light,  perhaps,  may  first  give  it  its  red 
eokMr  ;  and  in  regard  to  its  speciGc  gravity,  that  is  not  surprising, 
ai  bjr  itf  long  continuance  on  the  snow  it  must,  on  account  of  the 
icpatted  tlow  rodtings,  receive  such  an  accumulation  of  particles 
••  to  become  dense  and  heavy. 

Mm  dm  Sanuure  communicated  his  discovery  to  M.  Bonnet,  who 
adwiMdhin  to  examine  the  powder  with  a  microscope,  in  order  to 
wut  wbitber  it  eahibited  the  appearance  of  the  farina  of  flowers. 
Hif  dU  ••  with  the  greatest  care  and  the  best  glasses,  but  he  could 
tlie  least  regularity  in  its  form. 
Bi.  de  Saussure  found  this  powder  in  different  places  on 
Ihi.Alpiy  be  however  asks,  whether  it  be  very  common,  and 
it  be  found  on  the  high  mountains  in  different  countries 
dUbfeot  climates,  such,  for  example,  as  the  Cordilleras  ? 
qaettions  deserve  certainly  to  be  examined  ;  and  though  it 
ba  pFObible  that  this  powder  consists  of  the  farina  of  lIowHrs,  it  is 
altogether  impossible  thit  it  may  be  an  earth  separated  by  the 
itself,  and  possessinj^  some  iiiflainmablc^  proportics  'called 
Iwtil  by  the  immediate  action  of  the  li-;bt  ami  liiat  of  (he  sun, 
wUdi  ihines  with  so  much  liveliness  in  the  pure  air  of  these  ele.      ^ 

regions. 

Ifoi/ages  dans  Ics  J'pes.  Turn.  III. — Phii.  Mag, 
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dt&Umeheif   or  failins^  Masses  of  detached  and  incumbent 
SnoW'heaps  from  the  Sttmmffs  of  I  iff f^  Mountains, 

'TanE  vast  accumulations  are  frequently  to  be  met  with  in  tha 
AifBl  ^^^  their  fall  is  often  accompanied  with  utter  ruin  to  va. 
cottages  that  fie  below,  which  are  often  buried  and  lost  be. 
tbe  overwhelming  weight.  It  is  not  many  years  since  an  in- 
occarred  in  which  a  small  family  was  imprisoned  for  more 
Ana  a  fortnight  under  an  avalanche  of  this  kind,  several  hundred 
fcet  lo  depth  *^.     During  the  whole  of  this  period  they  continued 

•  !■  1710  a  itorm  of  soow  fell  fiith  so  moch  violence  as  to  destroy  7000 
Swedes  in  their  march  againU  DroDtiicin; .  [  Young's  Nat.  Phil, 
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in  utter  darkness,  and  supported  themselfes  entirety  by  the  non. 
rishment  afforded  them  by  a  milch  ass,  which  was  fortonntely 
buried  with  them.  The  cottage  was  destroyed  by  the  crush,  and 
the  family  would  have  been  destroyed  also,  but  from  the  strength 
of  a  powerful  beam  that  supported  the  roof  in  the  very  part  of  it 
to  which  they  retreated. 

These  catastrophes,  however,  are  not  peculiar  to  the  Alps : 
they  are  often  experienced  in  Switzerland,  several  parts  of  Ger- 
manyi  and  Italy ;  and  still  more  frequently  in  Savoy,  where  they 
are  also  larger  and  more  dreadfuL  Some  avalanches  by  the  tract 
they  leave  behind  are  found  to  be  above  an  hundred  yards  in  dia* 
meter.  In  the  year  1695,  one  of  them  fell  upon  the  village  of 
Valmedia,  and  destroyed  eleven  houses,  together  with  as  many 
barns  and  stables,  so  entirely,  that  there  scarcely  remained  one 
stone  upon  another.  The  noise  they  make  resembles  a  long  and 
loud  clap  of  thunder,  and  is  heard  among  the  echoing  rocks  and 
mountains  at  several  leagues  distance ;  and  yet  so  rapid  b  tMr 
motion,  that  passengers  have  seldom  time  to  avoid  them. 

The  following  description  from  the  elegant  pen  of  Mrs.  Charlotti 
Smith,  has  been  often  realised  : 

Where  cliffs  arise  by  Winter  crQwn'd, 

And  Chroof^h  park  f^roves  of  pine  around, 
Down  the  deep  chasms,  (he  snow-fed  torrents  fftani, 

Within  some  hollow,  !»heltered  from  the  storms. 

The  peaiEDt  of  the  Alps  hii  cotta|;e  forms, 
And  builds  hii  hnmble,  happy  home. 

Bat  abieot  froa  thii  calm  abode. 
Dark  thunder  gathers  round  his  road, 
Wild  ravet  the  wiad,  the  arrowy  lightninfrs  flash, 
Retaming  quick  the  murmuring  rocks  among, 
Hb  fiiint  heart  trembling  as  he  winds  along ; 
i*d  I  be  listens  to  the  crash 


Of  rifted  ice ! — Oh,  man  of  woe ! 

0*er  his  dear  cot — a  mass  of  snow. 
By  the  storm  severM  from  the  cliff*  abore, 

Has  ISslicn— and  buried  in  its  marble  breast 

AH  that  for  him^lnst  wretch — the  world  pofiest 
Ifishome,  his  happiness,  his  love! 

Aghast  the  heart-struck  mourner  stands, 
(2Us*d  art  his  cyes--convaU*d  liis  hands, 
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0'(rBtaclBiB|;aD|rBi]b[h<ck9  hit  labonring  breath) 
Cnuh'd  by  dnpair'i  inlolcrablp  wrrf^hl, 
Frastic.  he  wekt  Ihe  moDDUin'i  (iddicsl  height. 

And  tiradlaog  treks  retirfin  dc^Iti, 

One  of  Ihe  iBost  minule  and  exiraorilinary  accounts,  how«vf>r, 
of  tkb  festfal  destruction,  which  have  yet  been  published,  occurs 
in  Uw  foUowing  ftrticle  of  the  Philosophical  Transactions,  commu. 
iilc4l«d  by  professor  Bruni,  of  Turin,  to  Henry  Baker,  Esq. 
F.Rji.  of  the  date  of  March  19,  1755  ;  and  is  supported  by  ihi.' 
official  tectiDony  of  the  Intendant  of  the  Iowa  aad  province  of 
Coaeo. 

!■  Ihe  nighboarhood  of  Demonte,  as  In  Ihe  npper  valley  of 
Stora,  on  the  left  hand,  about  an  hour  and  half  distant  from  Iha 
mil  leading  to  the  castle  of  DEiDonle,  towards  the  middle  uf  the 
nocntain,  there  were  some  houses  in  a  place  called  Bergemulelto, 
vhich  oD  Ihe  IDIb  of  March,  in  the  morning,  (there  being  then 
•  great  ileal  of  mow)  were  entirely  oierwhclmed  and  ruined  by 
Iwa  T«st  bodies  of  snow,  thai  tunbled  down  from  Ihe  upper 
tMMnUin.  All  the  inhabitants  werf;  th^n  in  thpir  bouses,  except 
one  Joseph  Kocbia,  a  man  of  about  50,  who  with  his  son  a  lad  of 
filleen,  itere  on  tbe  roof  of  his  house,  endeavouring  lo  clear  away  Ibe 
MOW,  which  had  fallen  without  any  intermission  for  three  preced* 
log  days.  Whence  perceiving  a  mass  of  »uow  tooibling  down  to- 
tvirdf  them  from  the  tnouiitaiD  above,  Ihcy  had  but  just  time  to 
get  down  ani.l  ilee,  when,  looking  back,  they  perceived  the 
tiosiei  were  alt  buried  under  the  snow-  Thus  (wenty.lwo  persons 
were  haried  nnder  this  vast  mass,  which  was  60  English  feet  in 
hcl|hl,  iasgmach  that  many  men,  who  were  ordered  to  give  them 
all  pmsifale  assistance,  despaired  of  being  able  to  do  them  Ihe  least 
ttrvicv. 

Afirr  five  days,  Joseph  Rochia  Iiaviog  recovered  of  bis  fr'ghr, 
and  being  able  to  work,  got  upon  the  snow,  with  his  son,  and 
1*0  brothers  of  his  wife's,  to  try  if  they  could  find  the  ecact  plac* 
under  which  his  house  and  stable  were  buried ;  but  though  many 
opeaiagf  were  made  in  Ihe  snow,  they  could  not  find  the  desired 
plwe.  However  the  month  of  April  proving  very  hot,  the  snoir 
beginaiog  to  soften,  and  inJeed  a  gmat  dval  of  it  melted,  this  un. 
furtonate  man  was  again  encouraged  to  use  his  best  endeavours 
terarer  the  effacta  he  had  in  the  house,  and  ti 

lOL.  IV.  H 


178  FALLIMO  If  ASSB8  OF  SNOW-HBAPS, 

his  family.  He  therefore  made  ne«r  openings  in  the  snow,  and 
threw  earth  into  them,  which  helps  to  melt  the  snow  and  ice.  Oo 
the  24th  of  April  the  snow  was  greatly  diminished,  and  he  con* 
ceired  better  hopes  of  6nding  out  his  house,  by  breaking  the  ice, 
which  was  six  feet  thick,  with  iron  bars,  and  observing  the  snow 
to  be  softer  underneath  the  ice,  he  thrust  down  a  long  pole,  and 
thought  it  touched  the  ground  ;  but  the  evening  coming  on  he  pro* 
ceedf'd  no  further. 

His  wife's  brothers,  who  livod  at  Demonte,  went  with  Joseph 
and  his  neighbours,  to  work  upon  the  snow,  where  they  made 
another  opening,  which  led  them  to  the  house  they  searched  for ; 
but  finding  no  dead  bodies  in  its  ruins,  they  sought  for  the  stable, 
which  was  about  %40  fi'et  distant,  and  having  found  it,  they  heaid 
a  cry  of  *'  Help,  my  dear  brother."  Being  greatly  surpriaed  as 
well  as  encouraged  by  these  words,  they  laboured  with  all  dili« 
gence  till  they  had  made  a  large  opening,  through  which  the  bio* 
thers  and  husband  immediately  went  down,  where  they  found  BtiU 
alive  the  wife  about  forty -five,  the  sister  about  thirty  d^e^  and  t 
daughter  about  thirteen  years  old.  These  women  they  raiaed  oa 
their  shoulders  to  men  above,  who  drew  them  up,  as  it  were  fiaa 
the  grave,  and  carried  them  to  a  neighbouring  hou^e  :  they  imt 
unable  to  walk,  and  so  wasted  that  they  appeared  like  mere  aha» 
dows.  They  were  immediately  put  to  bed,  and  nourish ments  ad- 
ministered. Some  days  after  the  intendaut  came  to  see  them^  and 
found  the  wife  still  unable  to  rise  from  her  bed,  or  use  her  ftet^ 
from  the  intense  cold  she  had  endured,  and  the  uneasineis  of  the 
posture  she  had  been  in.  The  sister,  whose  legs  had  been  bathed 
with  hot  wine,  could  walk  with  some  difficulty  ;  and  the  daaghlar 
needed  no  further  remedies,  being  quite  recoyered. 

On  the  intendant's  interrogating  the  women,  they  told  hia,  tinf 
their  appetite  was  not  yet  returned  ;  (hat  the  little  food  they  had 
eaten  (excepting  broths  and  gruels)  lay  heavy  on  their  stomachy 
aiid  that  the  moderate  use  of  wine  had  done  them  great  good :  thqf 
^also  gaye  him  the  account  that  follows  f  That  on  the  norniiif  of 
the  IDth  ef  March  they  were  in  the  stable,  with  a  boy  six  yaiif 
old,  and  a  girl  about  thirteen  :  in  the  same  stable  were  six  goatS| 
one  of  which  having  brought  forth  two  dead  kids  the  eyeni^g  ba» 
fore,  they  went  to  carry  her  a  small  vessel  full  of  gruel;  flwif 
were  also  an  ass  and  five  or  six  fowls.    Thej  were  ihritMH^ 
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tkemielres  in  a  warm  corner  of  tha  stable,  till  the  charch  bell 
^oold  ring,  intending  to  attend  the  senrice. 

That  the  wife  wanting  to  go  out  of  the  stable  to  kindle  a  fire  in 
the  lK>n8e  for  her  husband,  who  was  then  clearing  away  the  snow 
from  the  top,  she  perceired  a  mass  of  snow  breaking  down  towards 
the  east,  on  which  she  went  back  into  the  stable,  and  shut  the 
dooi^ «  In  less  than  three  minutes  they  heard  the  roof  break  over 
ttair  heads,  and  part  of  the  ceiling  of  the  stable.  The  sister  ad. 
Tised  her  to  get  into  the  rack  and  manger,  which  she  did.  The 
fm  was  tied  to  the  manger,  bat  got  loose  by  kicking  and  strug* 
^iag,  and  thoogh  it  did  not  break  the  manger,  it  threw  dowa 
tkt  little  vessel,  which  the  sister  took  np,  and  used  afterwards  to 
kM  tke  melted  snow  which  served  them  to  drink. 

Very  fortunately  the  manger  was  under  the  main  prop  of  the 
stable,  and  resisted  the  weight  of  the  snow.  Their  first  care  was 
to  know  what  they  had  to  eat :  the  sister  said,  she  had  in  her 
pocket  fifteen  white  chesnuts :  the  children  said  they  had  break* 
fasted,  and  slKiald  want  no  more  that  day.  They  remembered 
then  were  thirty  or  forty  loaves  in  a  place  near  the  stable,  and 
endeavoored  to  get  at  them,  but  were  not  able,  by  reason  of  the 
vast  quantity  of  snow.  On  this  they  called  out  for  help  as  loudly 
as  they  possibly  could,  but  were  heard  by  nobody.  The  sister 
cane  again  to  the  manger,  after  she  had  tried  in  vain  to  come  at 
tke  loaves,  and  gave  two  chesnnts  to  the  wife,  also  eating  two 
limelf,  and  then  drank  some  snow  water.  All  this  while  the  ass 
was  very  restless  and  continued  kicking,  and  the  goats  bleated  very 
,  bat  soon  after  they  heard  no  more  of  them.  Two  of  the 
kowever  were  left  alive,  and  were  near  the  manger ;  they 
frit  tkea  very  carefully,  and  knew  by  so  doing  that  one  of  them 
vat  Mf  ,  and  would  kid  about  the  middle  of  April ;  the  other 
gavo  nllk^  with  which  they  preserved  their  lives.  The  women 
,  thit  daring  all  the  time  they  were  thus  buried,  they  saw 
one  ray  of  light ;  yet  for  about  twenty  days  they  had  some 
of  night  and  day ;  for  when  the  fowls  crowed,  they  imagined^ 
break  of  day :  but  at  last  the  fowls  died. 

Tie  Sd  day,  being  very  hungry,  they  ate  all  the  remaining 
ckssmrts,  and  drank  what  milk  the  goat  yielded,  which  for  the 
irst  dajt  was  near  a  quart  a  day,  bat  the  quantity  decreased  gradn* 
allf  .    The  third  day,  being  very  hungry,  they  again  endeavoured 
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to  get  to  the  place  where  the  loaves  were,  near  the  stable,  but 
they  could  not  penetrate  to  it  through  the  snow.  They  then  re- 
solved to  take  all  possible  care  to  feed  the  goats,  as  very  fortn. 
nately  over  the  ceiling  of  the  stable,  and  just  above  the  manger, 
there  was  a  hayloft,  with  a  hole  through  which  the  hay  was  put 
down  inta  the  rack.  This  opening  was  near  the  nister,  who 
polled  down  the  hay  and  gave  it  to  the  goats  as  long  as  she  could 
reach  it,  which  when  she  could  no  longer  do,  the  goats  climbed 
upon  her  shoulders,  and  reached  it  themselves. 

On  the  siith  day  the  boy  sickened,  complaining  of  most  violent 
pains  in  the  stomach,  and  his  illness  continued  six  days,  on  the  faut 
of  which  he  desired  his  mother,  who  all  this  time  had  held  him  ia 
her  lap,  to  lay  him  at  his  length  in  the  manger,  where  be  sooil 
after  died.  Tn  the  mean  time  the  quantity  of  milk  given  by  the 
goat  diminished  daily,  and  the  fowls  being  dead,  they  coaM  no 
more  distinguis^h  night  and  day ;  but  according  to  their  calcolation 
the  time  was  near  when  the  other  goat  should  kid,  which  as  thef 
computed  would  happen  about  the  middle  of  April ;  which  it 
length  happened  accordingly.  They  killed  the  kid,  to  save  thi 
milk  for  their  own  subsistence.  Whenever  they  called  this  goaty 
it  would  come  and  lick  their  faces  aud  hands^  and  gave  them  eveij 
day  a  quart  of  milk. 

They  say,  during  all  this  time  hunger  gave  them  but  little  «t* 
easiness,  exee^it  on  the  6rat  five  or  six  days :  that  their  grenteit 
pain  was  from  the  extreme  coldness  of  the  melted  snow  watMj 
which  fell  on  them,  aud  from  the  stench  of  the  dead  ass,  dni 
goats,  fowls,  from  lice,  d?c.  bat  more  than  all  front  the  very  is» 
easy  posture  they  were  obliged  to  continue  in:   for  thoagh  thi 
place  in  which  they  were  buried  was   twelve   £nglish  feet  fon^ 
eight  wide,  and  five  high,  the  manger  in  which  they  sat  sqnattog 
against  the  wall,  was  no  more  than  three  feet  four  inches  broad 
For  thirty.six  days  they  had  no  evacuation  by  stool  after  the  fM 
days :  the  melted  snow  water,  which  after  some  time  they  drank 
« without  doing  them  harm,  was  discharged  by  arine.     The  mother 
said  she  had  never  slept,  bnt  the  sister  and  daughter  declared  they 
slept  as  usual.     The  mother  and  sister  say,  that  on  the  day  they 
were  buried  their  monthly  evacuations  were  upon  them,  but  ihtj 
had  not  the  least  sign  of  them  afterwards. 

IPhU.  Tram.  Jbr.  IJSd^ 


CSIIB«AL  If  ATURB  OT  HAIL.  181 

SECTION    XII« 

General  Nature  of  HaiL 

Ws  have  already  touched  upon  the  formation  of  hail,  in  Sec. 
tion  1,  of  the  present  chapter;  and  shall  only  add  a  few  incU 
dental  remarks.  M.  Lichtenberg,  in  the  Ilanofer  Magazine 
fow  Janoary  1773,  conceifos  that  hail  depends  on  electricity, 
perhapa  as  promoting  evaporation  and  cold.  He  observes  that 
it  very  seldom  hails  at  night :  that,  in  winter,  snow  is  much 
mmt%  commoQ  than  hail  ;  that  it  often  snows  ot  rains  for  some 
days  ;  and  then  hails  with  thunder ;  and  that  hail  often  attends 
Ttfkuiie  explosions*.  Most  of  these  circumstances  are  easily 
■oderstood,  if  we  consider  that  much  of  the  cold  which  congeals 
the  hail  is  probably  produced  by  evaporation. 

Aldioi  carried  the  opinion  of  Lichtenberg  so  far  as  to  conceive 
that  snow  also  derives  its  form  from  electricity.  The  observation, 
however^  upon  which  his  hypothesis  is  founded  has  been  denied 
by  Von  Arnim* 

Fraokliu  suspects  that  hail  is  formed  in  a  very  cold  region, 
high  in  the  atmosphere t.  But  this  is  not  the  most  popular  hypo- 
thesis. 

In  the  ensuing  section  we  shall  select  a  few  well. accredited  ac. 
couts  of  hail.stones  of  great  bulk  and  weight.  The  largest 
of  which  we  have  any  notice  is  recorded  by  Gilbert  X^  but  from 
aevs^paper  authority  only.  It  fell  in  Hungary  in  1803,  and  was 
10  heavy  that  eight  men  were  incapable  of  lifting  it.  In  the 
Pyrtnoees,  several  of  twenty.three  ounces,  averdupois,  are  well 
bwwo  to  have  fallen  in  1784  ;  a  paper  written  by  the  Abb^ 
Mamj  was  read  before  the  Royal  Society,  Nov.  22,  1798,  in 
which  he  announces  the  fall  of  hail.stones  or  pieces  of  ice  in  Ger- 
■aay^  from  half  an  inch  diameter  to  eight  pounds  weight. 

[EoiTOR. 


*  See  apoD  this  tabject,  Chap.xlvi.  sect.  viii.  on  Meteoric  Stones. 
t  MaacbciCer  Mcoioin,  ii.  b57.  %  ivi.  7S. 
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SECTION    Xlll. 

Violent  HaiLstorms,  or  accompanied  uiih  Stones  of  unusual 

Size. 

I .  On  the  Coast  of  Suffolk. 

By  Dr.  Nath.  Fairfax. 

JuLT  17,  1666,  about  ten  ia  the  forenoon,  there  fell  a  Tlolent 
ftorm  of  hail  about  the  coast  towns  of  Suffolk.  The  kail  was  snafl 
near  Yarmouth ;  but  at  Seckford.hall,  one  hail-stone  was  fomd 
hy  measure  to  be  nine  inches  about  ;  one  at  Melton  eight  iacihei 
about ;  at  Siiape.bridge  twelve  inches  round.  A  lady  of  FristM 
Hall,  putting  one  of  them  into  a  balance,  found  it  weigh  19  #•  ti» 
Several  persons  of  good  credit  in  Aldborough  affirmed  Uurt  warns 
haii-stones  were  full  as  lar;;e  as  turkeys'  eggs.  A  carter  had  hb 
bead  broken  by  them  through  a  stiff  felt  hat ;  in  sone  placci 
his  head  bled,  in  others  bumps  arose ;  the  horses  were  so  psHed 
that  they  hurried  away  bis  cart  beyond  all  command.  Tkt  kl8* 
stones  seemed  all  white,  smooth  without,  shining  within. 

{Phil.  Trm9. 1007. 

2.  At  Lisle  in  Flanders. 

There  fell  in  this  city.  May  25,  N.  S.  1686,  haiUstones  wkid 
weighed  from  a  quarter  of  a  pound  to  a  pound  weight  and  man. 
One  among  the  rest  was  observed  to  contain  a  dark  brown  OMitte 
fn  the  middle,  and  being  thrown  into  the  fire,  it  gave  a  wry  great 
report.  Others  were  transparent,  which  melted  before  fke  fit 
immediately.  This  storm  passed  over  the  citadel  and  town,  aid 
left  not  a  whole  glass  in  the  windows  on  the  windward  side.  Tb 
trees  were  broken,  and  some  beat  down,  and  the  partridges  aod 
hares  killed  in  abundance. 

lid.  1093. 

3.     In  the  Neighbourhood  of  Chester^   communUaied  in  • 

Letter  from  Mr.  Bailey. 

The  vapour  that  disposed  the  aqueous  parts  thus  to  coDgetlt 
came  with  a  south-west  wind  out  of  Carnarvonshire,  passing  neu 
Snowdon  with  a  horrid  black  cloud,  attended  with  frequent  Iigbf- 
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■lags  and  thander.  I  hear  no  further  of  it  westward  than  oat  •! 
Deobighshire,  where  it  left  St.  Asaph  to  the  right,  and  did  mach 
daoMge  between  it  and  the  sea,  breaking  all  the  windows  on  tht 
weather  &ide,  killing  pooltrr,  lambs,  and  a  stont  dog ;  and  in  tht 
north  part  of  Flintshire  several  people  had  their  heads  broken, 
and  were  grieronsly  braised  in  their  bodies.  From  Flintshire  it 
crossed  over  the  arm  of  the  sea  that  comes  up  to  Chester^  and  was 
•nlj  felt  in  Cheshire,  at  the  very  X.  W.  corner  of  the  Peninsula, 
called  Wirall,  between  the  ^ttoaria  of  Chester  and  Liverpool,  at 
a  town  called  W.  Kirkby,  where  it  hailed  only  for  three  minutes, 
it  betog  on  the  extreme  point  of  it  on  the  right  hand,  but  it  thui^ 
dared  dreadfully,  and  was  here  about  three  in  the  afternoon  | 
Wt  the  main  body  of  it  fell  upon  Lancashire,  in  a  right  line  from 
Onukirk  to  Blackburn,  on  the  borders  of  Yorkshire ;  the  breadth 
flf  the  cloud  was  about  two  miles,  within  which  compass  it  did 
iacredible  damage,  killing  all  sorts  of  fowl  and  small  creatures,  and 
dy  leaving  any  whole  panes  in  any  of  the  windows  where  it 
;  but,  which  is  worse,  it  ploughed  up  the  earth,  and  cut  off 
Urn  blade  of  the  green  corn,  so  as  utterly  to  destroy  it,  the  hail- 
slsaes  burying  themselves  in  the  ground  ;  and  the  bowling-greens, 
where  the  earth  was  any  thing  soft,  were  quite  defaced,  so  as  t4# 
be  rendered  unserviceable  for  a  time.  The  hai  Us  tones,  some  of 
wUch  weighed  five  ounces,  were  of  different  forms,  some  round, 
some  half  round,  some  smooth,  others  embossed  and  crcnulated, 
Ike  the  foot  of  a  drinkin<^. glass,  the  ice  very  transparent  and  hard, 
bat  a  snowy  kernel  was  in  the  middle  of  most  of  them,  if  not  all; 
Ae  force  of  their  fall  showed  they  fell  from  a  great  height.  What  I 
take  to  be  most  extraordinary  in  this  phsnomenon  it,  that  such  a 
sort  of  vapour  should  continue  uudispcrsed  for  so  long  a  tract,  as 
above  sixty  miles  together,  and  in  all  the  way  of  its  passage  occasion 
»  extraordinary  a  cuaguUtiun  and  congelation  of  the  eatery  clouds, 
as  to  increase  the  hail -stones  to  so  va&t  a  bulk  in  so  bhort  a  space 
U  that  of  their  fall. 

In  a  f  ubjoined  account  of  the  same  storm  we  are  told  as  follows, 
though   the  correspondent  does  not  mention  the  place  he  writes 

fnm: 

^^  We  had  only  the  extreme  skirt  of  the  shower  here,  and  there 
fell  not  above  one  hundred  hail. stones  in  our  court,  but  they  were 
ligcblar^er  and  harder  than  we  had  ever  seen*  Some  measured  about 

If  4 
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five  inches  rouud.     Scarcely  any  of  them  was  so  little  as  a  masket 

bullet,  but  most  of  them  far  larger,  and  of  that  figure.     Some 

indeed  as  large  as  hens'  ^Sf^s,  and  of  half  a  pound  weight.     Many 

lea-fowl  and  land-fowl  were  killed." 

Phil.  Tram.  1697. 

4.  In  Hertfordshire. 
By  Mr.  Robert  Taylor. 
At  Hitchin,  on  Tuesday  May  4,  17^7 y  about  nine  in  the  mom. 
ing,  it  began  to  lighten  and  thunder  extremely,  with  some  great 
showers  between.  It  continued  till  about  two  in  the  afternoon, 
when  on  a  sudden  a  black  cloud  arose  in  the  S.W.  the  wind  being 
E.  and  blowing  hard ;  then  fell  a  sharp  shower,  with  some  hail-stonefl» 
which  measured  seven  or  eight  inches  about.  But  the  extremity  oC 
the  storm  fell  about  Offley,  where  a  young  man  was  killed,  and 
one  of  his  eyes  struck  out  of  his  head  ;  his  body  was  all  over  black 
with  the  bruises ;  another  person  nearer  to  Offley  escaped  with  his 
life,  but  much  bruised.  In  the  house  of  Sir  John  Spencer,  7000 
quarries  of  glass  were  broken,  and  great  damage  done  to  all  tka 
neighbouring  houses  thereabouts.  The  hail  fell  in  such  fast  quao* 
tities,  and  so  great,  that  it  tore  up  the  ground,  split  great  oaks 
and  other  trees,  in  great  numbers ;  it  cut  down  great  fields  of 
rye,  as  with  a  scythe,  and  has  destroyed  several  hundred  acres  of 
wheat,  barley,  &c,  insomuch  that  they  plough  it  up,  and  sow  it 
with  oats  :  the  tempest  was  such  when  it  fell,  that  in  four  poles  of 
land,  from  the  hills  near  us,  it  carried  away  all  the  staple  of  tha 
land,  leaving  nothing  but  the  chalk.  1  was  walking  in  my 
garden^  which  is  very  small,  about  thirty  yards  square,  and 
before  I  could  get  out,  it  took  me  to  my  knees,  and  was  through 
my  house  before  1  could  f^et  in,  which  was  in  the  space  of  a  mi- 
nute, and  went  through  all  like  a  sea,  carrying  all  wooden  things 
like  boats  on  the  water,  the  greatest  part  of  the  town  being  under 
this  misfortune.  The  size  of  the  hail-stones  is  almost  incredible; 
they  have  been  measured  from  1,  to  13  and  14  inches  about.  Their 
figures  various,  some  oval,  others  round,  others  pointed,  some 
fla\  ♦. 

[W.  1697. 


•  There  is  a  subjoined  account  of  a  similar  storm  in  the  tame  county^  is 
Jane  1607,  daring  which  the  stones  that  fell,  upon  being  measured,  proved 
above  aioe  incbei  in  compass.  [Eoi'tor. 
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CHAP.  XL. 

ON  WIKDS  Om  ATifOSPHBRXCAL  CURRENTS. 


SECTION  I. 

Gcnerml  Remarks  on  the  Nature  and  Origin  of  Winds ^  Trade^ 
uindSy  Monsoons  J  partial  IVinds^  and  Hurricanes. 

r%  o  phenomenon  in  meteorology  has  more  engaged  the  atteotioa 
of  veo  of  obserration  than  the  winds,  or  those  currents  which  so 
often  disturb  the  tranquillitj  of  the  atmosphere.  The  subject  is 
not  onlj  curious,  but  highly  interesting ;  for  upon  their  direction 
and  force  narigation  in  a  great  measure  depends ;  the  temperature 
of  dimates  is  greaOj  influenced  by  them  ;  and  they  are  absolutely 
Beeetsary  to  preserre  the  salubrity  of  the  atmosphere.  To  be  ac« 
qvainted  with  the  laws  by  which  they  are  regulated,  and  to  be  able 
to  calculate  beforehand  the  consequences  of  these  laws,  has  been 
m  ererj  age  the  eager  wish  of  philosophers.  But  whether  it  has 
been  owing  to  an  improper  method  of  studying  this  subject,  or  to 
its  lying  beyond  the  reach  of  the  human  faculties,  philosophers  hare 
not  made  that  progress  in  it  which  the  sanguine  imaginations  of 
aomo  indifiduals  led  them  to  expect.  Many  discoveries  indeed 
have  been  made  ;  and  from  the  numbers  and  the  genius  of  the  phi. 
losophers  at  present  engaged  in  this  study,  others  equally  important 
■wy  be  expected.  But,  notwithstanding  this,  many  of  the  phaeno. 
menn  remain  unexplained,  and  a  rational  and  satisfactory  theory 
seems  still  beyond  our  reach.  I  shall  in  this  section  give  as  complete 
a  detail  as  possible  of  the  natural  history  of  the  winds  in  the  dif. 
ferent  parts  of  the  world,  and  then  consider  how  they  may  be  ex- 
plained. 

As  the  winds  are  much  more  regular  between  the  tropics  than  in 
the  temperate  zones,  it  will  be  proper  in  the  first  place  to  begin 
with  them. 

In  those  parts  of  the  Atlantic  and  Pacific  Oceans  which  lie 
nearest  the  equator,  there  is  a  regular  wind  during  the  whole  year 
called  the  trade.uind.     On  the  north  side  of  the  equator  it  blows 
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from  the  north-east,  rarjiog  freqaently  a  point  or  two  towards  the 
north  or  east ;  and  on  the  south  side  of  it,  from  the  southeast,  chang. 
ing  sometimes  iu  the  same  manner  towards  the  south  or  east.  The 
space  included  between  the  second  and  fifth  degree  of  north  lati* 
tude  is  the  interna]  limit  of  these  two  winds.  There  the  winds  can 
neither  be  said  to  blow  from  the  north  nor  the  south  ;  calms  are 
frequent,  and  tiolent  storms.  Thb  space  faries  a  little  in  latitude 
as  the  sun  approaches  either  of  the  tropics. — In  the  Atlantic  Ocean 
the  trade. winds  extend  farther  north  on  the  American  than  on  the 
African  coast ;  and  as  we  advance  westward,  they  become  gra- 
dually more  easterly,  and  decrease  in  strength*.  Their  force  di* 
roinishes  likewise  as  we  approach  their  utmost  boundaries.  It  hu 
been  remarked  also,  that  as  the  sun  approaches  the  tropic  of  Can* 
eery  the  south-east  winds  become  gradually  more  southerly,  and  the 
north-east  winds  more  easterly  :  exactly  the  contrary  takes  plaot 
when  the  sun  is  approaching  the  tropic  of  Capricorn  +. 

The  trade-wind  blows  constantly  in  the  Indian  Ocean  from  the 
10th  degree  of  south  latitude  to  near  the  30th  :  but  to  the  north- 
ward of  this  the  winds  change  every  six  months,  and  blow  diredjy 
opposite  to  their  former  course.  These  regular  winds  are  called 
monsoons  J  from  the  Malay  word  moossin^  which  signifies  *^  a  aea* 
ton:)^."  When  they  shift  their  direction,  yariable  winds  and  Tic* 
lent  storms  succeed,  which  last  for  a  month  and  frequently  longer; 
and  during  that  time  it  is  dangerous  for  vessels  to  continue  at  tea* 

The  monsoons  in  the  Indian  Ocean  may  be  reduced  to  two ; 
one  on  the  north  and  another  on  the  south  side  of  the  oqnator; 
which  extend  from  Africa  to  the  longitude  of  New  Holland  and  tte 
cast  coast  of  China,  and  which  suffer  partial  changes  In  particalar 
places  from  the  situation  and  inflection  of  the  neighbouring  Goao* 
tries* 

1.  Between  the  3d  and  1 0th  degrees  of  south  latitude  the  south- 
east trade.wind  continues  from  April  to  October ;  but  during  the 
rest  of  the  year  the  wind  blows  from  the  north-west  §•  Betweea 
Sumatra  and  New  Holland  this  monsoon  blows  from  the  south 
during  our  summer  months,  approaching  gradually  to  the  sooth* 
east  as  we  advance  towards  the  coast  of  New  Holland ;  it  chaagM 


•  Dr.  Halley,  Phil.  Trans.  Abr.  vol.  ii.  p.  1S4.         i  Ibid. 

f  Forctt*s  Voyage,  p.  93.         i  pr.  Ilalley,  Phil.  Tran*.  Abr.  ▼ol.  ii.  p.  IH' 
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abovt  tkm  end  of  September,  and  contioues  io 

tai  April*.     Between  Africa  and  Madagascar  its  direction  is  in. 

inenetd  by  tbe  coast;    for  it  blows  frcMn  tiie  north.east  from 

October  to  April,  and  daring  the  rest  of  Uie  jear  from  the  iootiu 

wcstf. 

2.  Orer  all  tbe  Indian  Ocean,  to  tbe  northward  of  the  3d  de« 
giee  of  sonth  latitude,  the  north-east  trade,  wind  blows  from  Oc« 
tnber  to  April,  and  a  sonth^west  wind  from  April  to  October  %. 
From  Borneo,  along  the  coast  of  Malacca  and  as  far  as  China,  this 
moBfloon  in  sammer  blows  nearly  from  the  south,  and  in  winter 
ifom  tlie  north  by  east§.  Near  the  coast  of  Africa,  between  Mo- 
aambique  and  Cape  Guardefan,  the  winds  are  irregular  during  the 
wik>le  year,  owing  to  the  different  monsoons  which  surroond  tiiat 
parlicolar  place.  Monsoons  are  likewise  regular  in  the  Red  Sea; 
between  April  and  October  they  blow  from  the  north-west,  and 
daring  the  other  months  from  the  south-east,  keeping  constantly 
parallel  to  the  coast  of  Arabia  ||. 

Ifottoons  are  not  altogether  confined  to  the  Indian  Ocean ;  on 
1km  ooait  of  Brazil,  between  Cape  St.  Angustine  and  the  Island  of 
8t«  Catlierine,  the  wind  blows  between  September  and  April  from 
the  east  or  north.east,  and  between  April  and  September  from  the 
•oatli*wettl.  The  bay  of  Panama  is  the  only  place  on  the  west 
iida  of  a  great  continent  where  the  wind  shifts  regularly  at  different 
staions  :  there  it  is  easterly  between  September  and  March ;  but 
bcCweea  March  and  September  it  blows  chiefly  from  the  south  and 
•aatb*west. 

Sack  ia  general  is  the  direction  of  tbe  whids  in  the  torrid  tone 
all  OTor  the  Atianttc,  Pacific  and  Indian  Oceans ;  but  they  are 
fabject  to  particular  exceptions,  which  it  is  proper  to  enumerate* 
Oa  the  coast  of  Africa,  from  Cape  Bayadur  to  Cape  Verde,  the 
winds  are  generally  north,  west ;  from  hence  to  tbe  island  of  St* 
Thaaias  near  the  equator  they  blow  almost  perpendicular  to  the 
shore,  bending  gradually  as  we  advance  southwards,  ftrst  to  tbe 


•  Dr.  Halley,  Phil.  Trans.  Abr.  toI.  H«  p.  136. 

'f  Brace's  Tratels,  toI.  i.  p.  459. 

I  Dr.  Halley,  Phil.  Trani.  Abr.  vol.  li.  p.  156. 

S  Dr.  llalley,  ibid. 

U  Bruce's  Travels,  vol.  i.  ch.  4. 

t  Sir  Walter  Kaleigh'i  Voyage.     Forest'i  Voyage,  p.  97. 
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west  and  theo  to  the  soath.west*.  On  the  coast  of  New  Spain 
likewise,  from  Califoroia  to  the  bay  of  Panama,  the  winds  blow 
almost  constantly  from  the  west  or  south- west,  except  during  May, 
June,  and  July,  when  land-winds  preyail,  called  by  the  Spaoiardt 
popogaj/os.  On  the  coast  of  Chili  and  Peru  f,  from  20  or  30  dc^ 
grees  south  latitude  to  the  equator,  and  on  the  parallel  coast  of 
Africa,  the  wind  blows  during  the  whole  year  from  the  south,  Ta« 
rying  according  to  the  direction  of  the  land  towards  which  it  in* 
clines,  and  extending  much  farther  out  to  sea  on  the  American  than 
the  African  coast.  The  trade. winds  are  also  interrupted  sometimes 
by  westerly  winds  in  the  Bay  of  Campeachy  and  the  Bay  of  Hon* 
duras. 

As  to  the  countries  between  the  tropics,  we  are  too  little  ac* 
quainted  with  them  to  be  able  to  gi^e  a  satisfactory  history  of  their 
winds. 

In  all  maritime  countries  between  the  tropics  of  any  extent,  tiie 
wind  blows  during  a  certain  number  of  hours  every  day  from  tbe 
sea,  and  during  a  certain  number  towards  the  sea  from  the  land; 
these  winds  are  called  the  sea  und  land  breezes.  The  sea.br€Cie 
generally  sets  in  about  ten  in  the  forenoon,  and  blows  till  six  in  the 
evening ;  at  seven  the  land-breeze  begins,  and  continues  till  eight 
in  the  morning,  when  it  dies  away  %.  During  the  summer  the 
sea-breeze  is  very  perceptible  on  all  the  coasts  of  the  Mediterra* 
nean  Sea§,  and  even  sometimes  as  far  north  as  Norway  ||. 

In  the  island  of  St.  Lewis  on  the  coast  of  Africa,  in  10*  north 
latitude,  and  16*  west  longitude,  the  wind  during  the  rainy  season, 
which  lasts  from  the  middle  of  July  to  the  middle  of  October,  Is 
generally  between  the  south  and  east ;  during  the  rest  of  the  year 
it  is  for  the  most  part  east  or  north-east  in  the  morning ;  but  as  the 
sun  rises,  the  wind  approaches  gradually  to  the  north,  till  aboet 
noon  it  gets  to  the  west  of  north,  and  is  called  a  ieOmbreeUm 
Sometimes  it  shifts  to  the  east  as  the  sun  descends,  and  continnes 
there  during  the  whole  night.     In  February,  March,  Aprils  May, 


•  Dr.  Halley,  Phil.  Tram.  Abr.  vol.  8,  p.  136. 

+  Sir  Walter  Raleiprh's  Voyage.  —Dr.  Garden,  Phil. Trans.  Abr.  fol.  ii.  p.  152. 

i  Mard..«n*8  Hist.  ofSvinatra,  p.  I;.— Buffon'f  Nat.  Hi»t.  ▼ol.  i.  p.  385. 

^  Volney's  Travels. 

g   Pontoppidao^s  Natural  History  of  Norway. 
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and  Jaae)  it  blows  almost  constantly  between  tbe  north  and  west*". 
la  tbe  bbuid  of  Balama,  which  lies  likewise  on  the  west  coast  of 
Africa,  io  the  1 1th  degree  of  north  latitude,  the  wind  during  nine 
■lootht  of  tbe  year  blows  from  the  south-west ;  but  in  Nofember 
aad  December  a  very  cold  wind  blows  from  the  nortlueast  f . 

In  the  kingdom  of  Bornoii,  which  lies  between  the  ]6th  and 
40di  degree  of  north  latitude,  the  warm  season  is  introduced  about 
tkm  middle  of  April  by  sultry  winds  from  the  south- east,  which 
bring  along  with  them  a  deluge  of  raln^.  In  Fezzan,  which  is 
Htoftted  aboat  the  25th  degree  of  north  latitude  and  the  55tb 
degree  of  east  longitude,  the  wind  from  May  to  August  blows  from 
tbe  eMKt^  sooth-east,  or  south* west,  and  is  intensely  hot  §• 

In  Abyssinia  the  winds  generally  blow  from  tbe  west,  north* 
west,  north,  and  north-east*  During  the  months  of  June,  July, 
Angnst,  September,  and  October,  the  north  and  north  east  winds 
blow  almost  constantly,  especially  in  the  morning  and  e?eoiog  ; 
and  dnring  the  rest  of  the  year  they  are  much  more  frequent  than 
any  other  winds  ||. 

At  Calcutta,  in  the  province  of  Bengal,  the  wind  blows  during 
lannarj  and  February  from  the  south. west  and  south ;  in  March, 
April,  and  May,  from  the  south  ;  in  June,  July,  August,  and  Sep. 
tenber,  from  the  south  and  south-east ;  in  October,  November. 
and  December,  from  the  north-west  f.  At  Madras  the  moft  fre. 
qnent  winds  are  the  north  and  nortlueast.  At  TitoII  in  St«  Do^ 
mingo,  and  at  lies  de  Vaches,  the  wind  blows  oftenest  from  the 
fonth  and  south-east**.  From  theM;  facts  it  appears,  that  in  most 
tropieal  countrit'S  with  which  we  are  acquainted,  the  wind  gene. 
tally  blows  from  the  nearest  ocean,  except  during  the  coldest 
■onthf,  when  it  blows  towards  it. 

In  tbe  temperate  zones  tbe  direction  of  the  winds  is  by  no  means 
so  regular  as  between  the  tropics.  £?en  in  tbe  same  degree  of  la- 
tjtade  we  find  them  often  blowing  in  different  directions  at  the 
time ;  while  their  changes  are  frequently  so  sudden  and  so 


•  •  Dr.  Scbotte,  Phil.  Trans.  toI.  Ixx,  art.  25. 
t  P.  BevfCTf  E^q.     S«e  Map  io  Wadstrom's  Essa>  on  Culonixatioo. 
I  African  AsoctatioOy  p.  ?09.  h  Ibid. 

I  Brace'*  Travels,  toI.  iv.  p.  651. 
i  Asiatic  Retcarcbcs,  vol<.  i.and  ii.  Append, 
*•  P.  CoUe,  JoOTwde  Ph^i.  1791. 
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ctpricioos,  fhat  to  account  for  them  has  hitherto  been  found  ini. 
possible.  When  winds  are  violent,  and  continue  long,  they  ge. 
nerally  extend  oTer  a  large  tract  of  country  :  and  this  is  mora 
certainly  (he  case  when  they  blow  from  the  north  or  oast  than  frooi 
any  other  points*.  By  the  multiplication  and  comparison  of 
Meteorological  Tables,  some  regular  connection  between  the  changH 
of  the  atmosphere  in  different  places  may  in  time  be  obsenred,  whU 
will  at  last  lead  to  a  satisfactory  theory  of  the  Winds.  It  is  fiwn 
such  tables  chiefly  that  the  following  facts  have  been  collected. 

In  Virgiuia  the  prevailing  winds  are  between  the  south.wcfly 
west,  north,  and  north-west ;  the  most  frequent  is  the  80utli.wett| 
which  blows  more  constantly  in  June,  July,  and  August^  than  at 
any  other  season.  The  north.west  winds  blow  most  constantly  in 
November,  December,  January,  and  February  +.  At  Ipswidi  in 
New  England  the  prevailing  winds  are  also  between  the  south* weil| 
west,  north,  and  north-east;  the  most  frequent  is  the  north-west];* 
But  at  Cambridge,  in  the  same  province,  the  most  frequent  wind  is 
the  8outh.east§.  The  predominant  winds  at  New  York  are  the  aortk 
and  west  ||  :  and  in  Nova  Scotia  north-west  winds  blow  for  tliree* 
fourths  of  the  year  f .  The  same  wind  blows  most  freqaentljr  at 
Montreal  in  Canada ;  but  at  Quebec  the  wind  generally  follows 
the  direction  of  the  River  St.  Lawrence,  blowing  either  froaa  tho 
north-east  or  south-west**.  At  Hudson's  bay  westerly  winds  blow 
for  three.fourths  of  the  year:  the  north-west  wind  occasions  the 
greatest  cold,  but  the  north  and  north-east  are  the  vehidea  of 
snow  ++• 

It  appears  from  these  facts,  that  westerly  winds  are  most  frequent 
over  the  whole  eastern  coast  of  North  America;  that  in  ttt 
southern  provinces  south-west  winds  predominate;  and  that  tilt 
north-west  become  gradually  more  frequent  as  we  approsch  ftt 
frigid  zone. 

In  Egypt,  during  part  of  May,and  during  June,  July,  August,  and 
September,  the  wind  blows  almost  constantly  from  the  norlJi,  T«y. 


«  Derham*!  Pbytico-Tbeology*  cb.  ii. 

t  JeffenoD^sYirginia,  p.  123.»Trant.  Philad.  ii.  art.  10. 

J  Trant.  Amer.  Acad.  i.  336.  S  M.Colte,  Joar.de  Phys.  I70i. 

I  Ibid,  t  Preieni  State  of  Nova  Scotia  and  Canada,  p.  38.. 

••  Cotte,  Jonr.de  Phys.  1791. 

f  f  Penaant't  Snppl.  tp  Arctic  Zool.  p.  41. 
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wgwomt^Gmg^mJmam  to  tibt  vcs^and  ia  Jiljao  ac  vnt  aaii  t^ 
cast;  dwu|r  put  af  Scpimber,  aad  io  Ocsabtr  ami  S^nmhar^ 
the  winds  are  wUU,  b«t  Uov  non  rcs^^j  &cib  tait  <>j&  oob 
laj  other  q[iarter ;  ia  December,  Jaacuy«  sHi  F^^crmry, 
Mow  fran  the  ooctii,  aortk.«cst,  aad  vest; 
of  Fetauffj  thcj  chn(ge  to  the  samAj  m  which 
tinoe  till  otor  the  end  of  March  ;  dnii^  the  Iwt 
and  in  Apiil  tk?y  blow  firos  the  soath-east,  iooth, 
tod  at  last  horn  the  cast ;  and  ia  this  directiaa  thej 
iag  a  part  of  Maj  *. 

lo  the  lle£terraaean  the  wiod  blows  ncarlj  tikin  faaitVi  af 
the  jear  froai  the  north  ;  about  the  eqciaoxcs  there  b  alwxjs  an 
caiterlj  wind  in  that  sea,  which  is  gececallj  siore  ccq^cluc  ia  5^v.a^ 
ttan  in  mntnan-^.  These  obserratmu  do  net  acjilj  to  t^  Gu:  af 
Gihfaltar.  where  there  are  seldoia  asr  wiodt  excec^t  tLe  east  and 
the  yeft.     At  Bosda,  in  the  isUod  of  Corsica,  the  i^eruUa^  wind 

utheanatk.westt. 

In  Sjria  the  north  wind  blows  from  the  anmcol  e^niaax  tn 
November;  daring  December,  Janoarj,  and  Febnarj,  the  winds 
blow  from  the  west  and  sonth-west ;  ia  March  thej  biow  from  tha 
south,  in  May  from  the  east,  and  in  Jane  from  the  north.  Froai 
this  mooth  to  the  autumnal  equinox  the  wind  chances  ^radaailjas 
the  son  approaches  the  equator ;  first  to  the  fast,  thea  to  the  sowdb, 
sad  lastlj  to  the  west  §.  At  Bigdad  the  most  freqo^nt  wicds  are 
tha  sooth. west  and  north-west;  at  P^kin,  the  north  and  tha 
londi  I ;  at  Kamtschatka,  on  the  nortlucast  coast  of  Asia,  the  pre. 
faffing  winds  blow  from  the  west  1. 

In  Italj  the  prerailing  winds  differ  considerably  according  to 
te  tkaation  of  the  places  where  the  obserrations  hare  been  made  : 
at  Rome  and  P^ua  thej  are  northerlj,  at  Milan  easterly^  All 
ttet  we  hsfe  been  able  to  learn  concerning  Spain  and  Portng^  i% 
ttet  on  the  west  coast  of  these  countries  the  west  is  bj  far  the  sMSt 
fianmnn  wind,  particularly  in  summer ;  and  that  at  Madrid  tha 
wImI  is  north.east  for  the  greatest  part  of  the  summer,  blowiag 


•  YolMj*!  TniTelt,  i.  68.  f  Ibid.  i.  59  and  66. 

%  CoCle,  Jo«.  de  Phyt.  1791.  S  Voliiey's  Tn^elt,  i.  SS6. 

I  Cette»  Ibid.  1  ^enDmnfi  Arctic  Zool.  p.  caiU. 

••  Cette,  JMf.  de  Phyt.  1T91. 
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alnost  coostmotljr  from  the  Pyrennean  moontaiDS*.  At  Berne  in 
Switzerland  the  prerailing  winds  are  the  north  and  west ;  at  St 
Crottard,  the  north-east ;  at  Laasanne,  the  north- west  and  son^ 
west +. 

Father  Cotte  has  giren  us  the  result  of  obserrations  made  at 
eighty.six  different  places  of  France  f ;  from  which  it  appears, 
tluit  along  the  whole  sooth  coast  of  that  kingdom  the  wind  blows 
most  frequent! J  from  the  north,  nortluwest,  and  north.eait;  on 
the  west  coast,  from  the  west,  sonth-west,  and  north-west ;  and  oa 
the  north  coast,  from  the  soutluwest :  that  in  the  interior  parts  of 
France  the  soQth.west  wind  blows  most  frequently  in  eighteen 
places ;  the  west  wind  in  fourteen ;  the  north  in  thirteen ;  the 
south  in  six;  |the  northeast  in  four;  the  south-east  in  two; 
the  east  and  north  .west  each  of  them  in  one.  On  the  west 
£oast  of  the  Netherlands,  as  far  north  as  Rotterdam,  the  pre. 
Tailing  winds  are  probably  the  south-west,  at  least  this  is  the  cast 
at  Dunkirk  and  Rotterdam  f .  It  is  probable  also  that  along  the 
rest  of  this  coast,  from  the  Hague  to  Hamburg,  the  prevailing  winds 
are  the  north-west,  at  least  these  winds  are  the  most  frequent  al  the 
Hague  and  at  Franeker  f .  The  prerailing  wind  at  Delft  is  the  sonth- 
east ;  and  at  Breda  the  north  and  the  east  f . 

In  Germany  the  east  wind  is  most  frequent  at  Gottingen,  Mr. 
nich,  Weissemburgh,  Dosseldorf,  Saganum,  Erford,  and  at  Bada 
in  Hungary ;  the  south-east  at  Praguejand  Wurtzburg;  the  norA- 
east  at  Ratisbon ;  and  the  west  at  Manheim  and  Berlin  f  • 

From  an  arerage  of  ten  years  of  the  register  kept  by  order  of 
Royal  Society,  it  appears  that  at  London  the  wind  blows  in  the 
following  order : 

yf'iiidu                                       Days.  Winds.                                        DA51, 

South-west Ii«     South-east .91 

North.east    §s     East .fg 

North-west 60    South. 18 

West 53    North  10 

It  appears  from  the  saoie  register,  that  the  south-west  wind  blows 
at  an  average  more  frequently  than  any  other  wind  during  erery 


•  ^uo'i  HUt.  of  Winds,  p.  116.        f  Colic,  Jour,  dc  Phy.  1791. 
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Bontb  of  the  year,  and  that  it  blows  WngeA  ia  Jnlj  and  Angiut* 
that  the  north-east  blows  most  ooostaatilj  dariag  Janaaiy,  Marchy 
Aprfly  Maj,  and  Jane,  and  most  addan  dariag  Fdnvaij,  iolj, 
ScpCember,  and  December ;  and  that  the  ncvr^west  innd  Uovs 
oftenei  from  November  to  March,  and  more  irldom  daring  Sq»- 
tember  and  October  than  any  other  months.  The  aonth-wcit 
winds  are  also  most  freqnent  at  Bristol,  and  next  to  them  are  the 
nortfi  east** 

The  following  Table  of  the  winds  at  Lancaster  has  been  dinwm 
■p  from  a  register  kept  for  seven  jean  at  that  placer. 


•  •••• 99  Sonth-cBst ;«.«S5 

NofdMOSt   67  Noiih  30 

Soath. -'SI  North-west M 

West 47  East 17 

The  feBowing  Table  is  an  abstnct  of  nine  jean 
made  at  JDamfries  bj  Mr.CopIand  ^.^ 

Wiads.                                    Dii^s.  Wais. 

Sonth  • ni     North 36f 

West   69      North-west. t5{ 

68       Sonth-east 1^ 

50^     Nbrth-eMt 14i 


The  following  Table  b  an  abstract  of  seven  ji 
"    bj  Dr.  Meek  at  Cambnslang  near  Gtesgow  §• 


Vmj9.      Wiadi.  Db^. 

Sonth.west 174     North-east 104 

North.west 40    Sonth-east    47 


It  appears  from  the  register  from  which  this  Table  was  extracted 
that  the  north-east  wind  tlo  w  s  nach  a^re  freqnentl y  in  April,  Maf , 
md  Jane,  and  the  soath-west  in  Jaljr,  Aagost,  and  September, 
tham  at  any  other  period.     The  sooth- west  is  bj  iar  the  to/utt  fr e* 

•  PUL  TfSM.  Izvfi.  S.  t  Ib^' 

t  MaKhcttcr  Timm.  iv.  234.      i  Siaiitckal  A£  oast  ^  guO^md^  y,  U§. 

T01«  IT.  O 
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qaent  wind  all  oyer  Scotland,  especially  on  the  west  coast.  At 
Saltcoats  in  Ayrshire,  for  instance,  it  blows  tbree.foortIiB  of  tbe 
year ;  and  along  the  whole  coast  of  Murray,  on  the  north.east  side  of 
Scotland,  it  blows  for  two.thirds  of  the  year.  East  winds  are  com* 
mon  all  over  Great  Britain  during  April  and  May  ;  but  their  iu^ 
fluence  is  felt  most  severely  on  the  eastern  coast. 

The  following  Table  exhibits  a  view  of  the  number  of  dajrs  daring 
which  the  westerly  and  easterly  winds  blow  in  a  year  at  diffsreat 
parts  of  the  island.  Under  the  term  weUeriy  are  included  tiia 
north-west,  west,  south-west,  and  south ;  the  term  ea#f er/y  b  takeR 
in  the  same  latitude. 


Years  of 
Observ. 


10 
7 

51 
9 

10 


/ 
8 


Places 


London 

Lancaster   •••.••••........•, 

Liverpool*  ••..••••... 

Dumfries. 

Branxholm,  44  miles  soutluwest 

ofBerwickf •..•••... 

Cambuslang    

Hawkhill,  near  Edinburgh  j:.. .. 

Mean 


WlWD. 


Westerly, 


233 
216 
190 
287-5 

232 
214 
229-5 


220-3 


Easterlj. 


132 
140 
176 
137-5 

133 
151 
135-5 


144-7 


In  Ireland  the  south-west  and  west  are  the  grand  trade^wiadt, 
blowing  most  in  summer,  autumn,  and  winter,  and  least  in  spring. 
The  north.east  blows  most  in  spring,  and  nearly  doable  to  what  it 
does  in  autumn  and  winter.  The  south-east  and  nortluwest  ate 
nearly  equal,  and  are  most  frequent  after  the    sonth-west  and 

west§. 

At  Copenhagen  the  prevailing  winds  are  the  east  and  south-east; 
at  Stockholm,  the  west  and  north  ||.  In  Russia,  from  an  averagt 
of  a  register  of  sixteen  years,  the  winds  blow  from  November  to 
April  in  the  following  order : 

W.     N.W.      E.       S.W.       S.        N.E.       N.     S.E. 
Days    45  26         23  22  20  19  14  If 


«  Manchester  Trans,  iv,  f  Edin.  Trans,  i.  903. 

§  Ratty*s  Hist,  of  the  Weather,  Ac.  in  Dablifl. 
J  Cotte,  Jour,  de  Pbyi.  1791. 


}  Ibid. 
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And  doring  Ibe other  six  months, 

W.      N.W.      E.       S.W.       S.        N.E.        N.        S.E. 
D«j ■»     27         17         19         24  12  15  32  IS 

The  west  wind  blows  during  the  whole  yiai  72  days  ;  the  north- 
w«*  53;  the  sou(h.wesl  and  north  56  days  each.  During  sum. 
mtT  it  is  calm  for  41  dnys,  and  during  winter  for  21*.  In 
\orway  the  most  frequent  winds  are  the  soulh,  the  south-west,  and 
soulh.«B3t.  The  wind  at  Bergen  is  seldom  directly  west,  but  ge. 
u«nitly  south. west  or  south-east  j  a  north.west,  and  especially  a 
nortlueast  wind,  are  but  little  known  tlieref. 

From  the  whole  or  these  facts,  it  appears  that  tlu;  most  frequent 
winds  on  the  south  coasts  of  Europe  are  (he  north,  the  north-east, 
and  north.west ;  and  on  the  western  coast,  the  south-west :  thai 
in  the  interior  part«  which  lie  most  contiguous  to  the  Atlantic 
ocean,  Gouth.west  winds  are  also  most  frequent ;  but  that  easterl) 
"inds  preroil  in  Germany.  Westerly  winds  are  also  most  frequent 
on  the  north-east  coast  of  Asia. 

It  is  prabable  that  the  winds  are  most  constant  in  the  south  tem. 
\xn,ti!  zone,  which  is  in  a  great  measure  covered  with  water,  than 
in  (lie  north  temperate  zone,  where  their  ilirettion  must  be  fre. 
qaently  interrupted  and  altered  by  mountains  and  other  cbusl's, 

M.  de  la  Caillc,  who  was  sent  thither  by  I  he  French  king  (u 
make  astronomical  observations,  informs  ui,  that  at  the  Cape  of 
Good  Hope  the  main  niniis  are  the  south-east  and  north.west; 
(hat  other  wiods  seldom  last  longer  than  a  few  hours;  and  that  the 
east  and  north-rast  winds  blow  very  seldom.  The  south-east  wind 
blowiin  mostmonthsof  llic  year,  but  chiefly  from  October  to  April; 
th«  north-west  prerails  durinj;  the  other  six  months,  bringing  along 
with  it  rain,  and  tempests,  and  hurricanes.  Between  the  Cape  of 
Good  Hope  and  New  Holland  the  winds  are  commonly  westerly, 
and  blow  in  the  following  order:  north-west,  south-west,  west, 
north  «. 

In  the  Great  South  Sea,  from  latitude  30°  to  40'  south,  the 

touth.east  trade-wind  blows  most  frequently,  especially  when  the 

sun  approaches  the  (ropic  of  Capricorn  ;  the  wind  next  to  it  Tu 

[leqnency  is  the  north.west,  and  next  to  that  is  the  south-west. 

•  Guthrie  on  the  Climnir  oF  Ruuin.  Edio.  Trann.  ii. 

f  PoDtappidan't  Nat.  Hiil.  af  Norway,  |>ar[.  i. 

;  MeifofnlapcalTablnattbccnd  of  Pbiliti'iand  While't  Voj'age'- 
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From  south  latitude  40^  to  50°  the  prevailing  wind  is  the  north, 
west,  and  next  the  south-west.  From  50°  to  60^  the  most  frequent 
wind  is  also  the  north-west,  and  next  to  it  is  the  west*. 

Thus  it  appears  that  the  trade-winds  sometimes  extend  farther 
into  the  south  temperate  zone  than  their  usual  limits,  particularljr 
during  summer;  that  beyond  their  influence  fhe  winds  are  com- 
monly westerly ;  and  that  they  blow  in  the  following  order :  north* 
west,  south-west,  west. 

Such  is  the  present  state  of  the  history  of  the  direction  of  the 
winds.  In  the  torrid  zone  they  blow  constantly  from  the  north- 
east on  the  north  side  of  the  equator,  and  from  the  south-east  on 
the  south  side  of  it.  In  the  north  temperate  zone  they  blow  most 
frequently  from  the  south-west;  iu  the  south  temperate  zone  from 
the  north-west,  changing,  however,  frequently  to  all  points  of  the 
compass-;  and  in  the  north  temperate  zone  blowing,  particularly 
during  the  spring,  from  the  north-east. 

As  to  the  Telocity  of  the  wind.  Its  variations  are  almost  infinite, 
from  the  gentlest  breeze  to  the  hurricane  which  tears  up  trees  and 
blows  down  houses.  It  has  been  remarked,,  that  our  most  Tiolent 
winds  take  place  when  neither  the  heat  nor  the  cold  is  greatest; 
that  violent  winds  generally  extend  over  a  great  tract  of  country; 
and  that  they  are  accompanied  by  sudden  and  great  falis  in  the  met* 
cury  of  the  barometer.  The  wind  is  sometimes  very  violent  mt  a 
distance  from  the  earth,  while  it  is  quite  calm  at  its  surface.  On 
one  occasion  Lunardi  went  at  the  rate  of  seventy  miles  an  iMor 
in  bis  balloon,  though  it  was  quite  calm  at  Edinburgh  when  he 
ascended,  and  continued  so  during  his  whole  voyage.  The  ibl* 
lowing  Table,  drawn  up  by  Mr.Smealon,  will  give  the  readers 
pretty  precise  idea  of  the  Telocity  of  the  wind  in  different  circoffl- 
stances  f . 


•  \Tale>  Meteor.  Table?.  f  Phil.  Tram,  1739,  p.  165. 
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Miles  pei 

Fert  prr 

Ferpendicular  Force  on  one  square  Foot,  in 

Hour. 

Second* 

Averdupois  Pounds  and  PartB. 

1 

1-47 

•005-1 

Hardly  perceptible 

2 

2-93 

-020  V 

Just  perceptible 

3 

44, 

•044  J 

4 
5 

5-87 
7-33 

-079 
•123, 

Gently  pleiisant 

10 
15 

14-67 
22- 

•4921 
1-107J 

Pleasant,  brisk 

29-34 
36-67 

l-968\ 
3-075/ 

Very  brbk 

30 
35 

44-01 
61-34 

4  4291 
6-027/ 

High  wind 

40 
45 

68-68 
66*01 

7-873  1 
9-963/ 

Very  higb  wind 

50 

73-35 

12-300 

Storm  or  tempest 

00 

88-02 

17-715 

Great  storm 

80 

117-36 

31-490 

Hurricane 

1 

•^ 

Hurricane  that  tears  up 

I  100 

146-7 

49-200  > 

trees  and  carries  build. 

J 

ings  before  it. 

Let  «s  BOW  consider  the  canse  of  these  numerous  cnrrents  in  the 

It  cannot  be  doubted  that  the  surface  of  the  earth  under  the  torrid 
is  much  more  heated  by  the  rays  of  the  sun  than  under  tlie 
or  temperate  zones;  because  the  rays  fall  upon  it  much 
erpcndicnlarly.  This  heat  is  communicated  to  the  air  near 
le  sarface  of  the  torrid  zone,  which  being  thereby  rarefied^ 
iciads ;  and  its  place  is  supplied  by  colder  air,  which  rushes  in 
ma  ihe  north  and  south. 

Now  the  diurnal  motion  of  the  earth  is  greatest  at  the  equator, 
nd  diminishes  gradually  as  we  approach  the  poles,  where  it  ceases 
itogether.  E? ery  spot  of  the  Earth's  surface  at  the  equator  moves 
t  Ike  rate  of  fifteen  geographical  miles  in  a  minute  ;  at  the  40**  of 
ifitade,  it  moTes  at  about  ele?en  miles  and  a  half  in  a  minute  ;  and 
t  Ike  30",  at  nearly  thirteen  miles.  The  atmosphere,  by  mo? ing* 
onfiDually  round  along  with  the  earth,  has  acquired  the  same  de- 
J99  of  motion ;  so  that  those  parts  of  it  which  are  aboTe  the 
qvator  move  faster  than  those  which  are  at  a  distance.  Were  a 
portion  of  the  atmosphere  to  be  transported  in  an  instant  from  la* 
titode  30*  to  the  equator,  it  would  not  immediately  acquire  tho 
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Telocity  of  the  equator ;  the  eminences  of  the  earth  therefore  would 
strike  against  it,  and  it  would  assome  the  appearance  of  an  east 
wind.  This  is  the  case  in  a  smaller  degree  with  the  air  that  flows 
towards  (he  equator,  to  supplj  the  place  of  the  rarefied  air,  which 
is  continually  ascending ;  and  this,  when  combined  with  its  real 
motion  from  the  north  and  south,  must  cause  it  to  assume  the  ap- 
pearance of  a  north-easterly  wind  on  this  side  the  equator,  and  of 
a  south  easterly  beyond  it*. 

The  motion  westward  occasioned  by  this  difference  in  celerity 
alone  would  scarcely  be  perceptible ;  but  it  is  much  increased  by 
another  circumstance.  Since  the  rarefaction  of  the  air  in  the  torrid 
zone  is  owing  to  the  heat  derived  from  the  contignoua  earth,  and 
since  this  heat  is  owing  to  the  perpendicular  rays  of  the  snn,  Aose 
parts  must  be  hottest  where  the  sun  is  actually  Tertical,  and  c^sis- 
quently  the  air  over  them  must  be  most  rarefied ;  the  contigiois 
parts  of  the  atmosphere  will  therefore  be  drawn  most  foiciblj  tQ 
that  particular  spot.  Now  since  the  diurnal  motion  of  the  am  is 
from  east  to  west,  this  hottest  spot  will  be  continnall j  diifUog 
westwards,  and  thb  will  occasion  a  current  of  the  atmosplMre  ia 
that  direction.  That  this  cause  really  operates,  appears  from  a 
circumstance  already  mentioned  :  when  the  sun  approaches  eithfr 
of  the  tropics,  the  trade-wind  on  the  same  side  of  the  equator  as* 
sumes  a  more  easterly  direction,  evidently  from  the  cause  here 
mentioned ;  while  the  opposite  trade-wind,  being  deprived  of  this 
additional  impulse,  blows  in  a  direction  more  perpendicnlar  to  the 
equator  +. 

The  westerly  direction  of  the  trade-winds  is  still  farther  increased 
by  another  cause.  Since  the  attraction  of  the  sun  and  moon  pro- 
duces so  remarkable  an  effect  upon  the  ocean,  we  cannot  but  suppose 
that  an  effect  equally  great  at  least  is  produced  upon  the  atmosphere. 
Indeed,  as  the  atmosphere  is  nearer  the  moon  than  the  sea  is,  the 
effect  produced  by  attraction  upon  it  ought  to  be  greater.  When 
wc  add  to  this  the  elasticity  of  the  air,  or  that  disposition  which  it 
Jias  to  dilate  itself  when  freed  from  any  of  its  pressure,  we  cannot 
but  conclude  that  the  tides  in  the  atmosphere  are  considerable. 


•  This  cause  of  the  trade-winds  was  first  assigned  by  Iladley  in  ITS*.  See 
Phil.  Trans.  Ai»ridg.  viii.  500. 

t  This  caxiie  was  fint  assigned  by  Dr.  Ilalley  in  bis  esny  oo  the  tradc<wi«di i 
mnd  is  certainly  by  far  the  most  powerfal  of  all  the  aneiils. 
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Now  since  Ike  ipparaiC  dianul  motion  of  the  moon  is  from  east  to 
west,  tbe  ddcs  mon  follow  it  in  the  same  manner,  and  conse* 
qneotlj  prodace  a  coastant  motion  in  the  atmosphere  from  east  to 


All  these  diferent  causes  probably  combine  in  the  prodactlon  of 
the  trade-winds;  and  from  their  being  sometimes  united,  and 
sonetiBes  distinct  or  opposite,  arise  all  those  little  irregohrltiel 
which  take  place  in  the  direction  and  force  of  the  trade-winds, 

Siace  the  great  caose  of  these  winds  is  the  rarefaction  of  the  at. 
Bosphere  by  the  heat  of  the  snn,  its  ascension,  and  the  consequent 
rashkig  in  of  colder  air  from  the  north  and  sonth,  the  internal 
iMHiBdarj  of  the  trade-winds  most  be  that  parallel  of  the  torrid  loot 
n^ch  is  hottest,  because  there  the  ascension  of  the  rarefied  air  must 
take  place.  Now  since  the  sob  does  sot  remain  statiooary,  but  is 
coMtantlj  shifting  from  one  tropic  to  the  other,  we  onght  natnrallj 
Co  expect  that  this  boundary  would  Tary  together  with  its  eKcltiog 
canae  ;  tlmt  therefore  when  the  sun  is  perpendicular  to  the  tropie 
of  Caaeer,  the  north-east  trade*wlnds  would  extend  no  fhrther 
aoadi  than  north  latitude  23*5*;  that  the  south-east  wind  would 
cztead  as  far  north ;  and  that  when  the  snn  is  in^^e  tropic  of 
Capricorn,  the  Tery  contrary  would  take  place.  We  have  seen, 
bowerer,  that  though  this  booadary  be  subject  to  considerable 
changes  from  this  very  cause,  it  may  in  general  be  considered  as 
fxed  between  the  second  and  fifth  degrees  of  north  latitude. 

Though  the  sun  be  perpendicular  to  each  of  the  tropics  during 
part  of  the  year,  he  is  for  one.half  of  it  at  a  considerable  distance; 
so  diat  the  heat  which  they  acquire  while  he  b  present  is  more  than 
loft  during  his  absence.  But  the  son  is  perpendicular  to  the  equm* 
tor  twice  in  a  year,  and  neTer  farther  distant  from  it  than  23^* : 
being  therefore  twice  eiery  year  as  much  heated,  and  neter  so  much 
cooled  as  the  tropics,  its  mean  heat  must  be  greater^  and  the  atmo* 
^here  in  consequence  generally  most  rarefied  at  that  place.  Why 
tlien,  it  will  be  asked,  is  not  the  equator  the  boundary  of  the  two 
trade- winds?  To  speak  more  accurately  than  we  hare  hitherto 
done,  the  internal  limit  of  these  i^inds  must  be  that  parallel  where 
the  mean  heat  of  the  earth  is  greatest.  This  would  be  the  equator, 
were  it  not  for  a  reason  which  shall  now  be  explained. 

*  lUtCMae  was  fint  assigned  by  D'Alembert  in  bU  dissertation  on  tbe  Cause 
of  the  Wiads. 

o4 
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It  has  been  shevrn  by  astronomers,  that  the  orbit  of  the  earth  it 
an  ellipsis,  and  the  sun  is  placed  in  one  of  the  foci.     Were  this 
orbit  to  be  diyided  into  two  parts  by  a  straight  line  perpendicnlar 
to  the  transverse  axis,  and  pas'^ing  through  the  centre  of  the  sum^ 
one  of  these  parts  would  be  less  than  the  other,  and  the  earth,  daring 
its  passage  through  this  smaller  part  of  its  orbit,  would  constantlj 
be  nearer  the  sun  than  while  it  mo? ed  through  the  other  portion. 
The  celerity  of  the  earth's  motion  in  any  part  of  its  orbit  is  alwaji 
proportioned  to  its  distance  from  the  sun  ;  the  nearer  it  is  to  the 
son,  it  mof  es  the  faster ;  the  farther  distant,  the  slower.     The 
earth  passes  orer  the  smaller  portion  of  its  orbit  during  our  winter; 
which  must  therefore  be  shorter  than  our  summer,  both  on  account 
of  this  part  of  the  orbit  being  smaller  than  the  other,  and  on  ac» 
count  of  the  increased  celerity  of  the  earth^s  motion*    The  diC> 
ference,  according  to  Cassini,  is  se? en  days,  23  hours,  and  53  wkL 
nutes.     While  it  is  winter  in  the  northern,  it  is  summer  in  the 
aouthem  hemisphere ;  wherefore  the  summer  in  the  southern 
mtsphere  must  be  just  as  much  shorter  than  the  winter  as  our 
ter  is  shorter  than  our  summer.     The  summer  in  the  northern 
hemisphere  consists  of  186  days  U  hours  and  37  minutes,  while  in 
the  southern  it  is  only  178  days  18  hours  and  11  minutes.     Thcj 
are  to  one  another  nearly  in  the  proportion  of  15  to  14'3  ;  and  the 
beat  of  the  two  hemispheres  may  probably  have  nearly  the  same 
proportion  to  one  another.     The  internal  limit  of  the  trade-winds 
ought  to  be  that  parallel  where  the  mean  heat  of  the  globe  is 
greatest;  this  would  be  the  equator,  if  both  hemispheres  were 
eqoally  hot ;  but  since  the  northern  hemisphere  is  the  hottest,  that 
parallel  ought  to  be  situated  somewhere  in  it ;  and  since  the  dif* 
ference  between  the  heat  of  the  two  hemispheres  is  not  great,  the 
parallel  ought  not  be  far  distant  from  the  equator. 

The  trade«wind  would  blow  regularly  round  the  whole  globe  if 
the  torrid  zone  were  all  covered  with  water.  If  the  Indian  Ocaan 
were  not  bounded  by  land  on  the  north,  it  would  blow  there  in  the 
same  manner  as  it  does  in  the  Atlantic  and  Pacific  Oceans.  Land 
is  much  more  opaque  than  water ;  it  becomes  therefore  much 
warmer  when  both  are  equally  exposed  to  the  influence  of  the  sun. 
For  this  reason,  when  the  sun  approaches  the  tropic  of  Cancer, 
India,  China,  and  the  adjacent  countries,  become  much  hotter 
than  the  ocean  which  washes  their  southern  coasts.    The  air  OTer 
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them  beooBCf  rarefied  tDd  ascends,  while  colder  air  rushes  in  from 
the  Indian  Ocean  to  supply  its  place.  As  this  current  of  air  mo? et 
from  the  equator  northward,  it  must,  for  a  reason  already  explained, 
astume  the  ap^tearance  of  a  south-west  wind  ;  and  this  tendency 
eastward  is  increased  by  the  situation  of  the  countries  to  which  it 
flows*  This  is  the  cause  of  the  south-west  monsoon,  which  blows 
daring  sommer  in  the  northern  parts  of  the  Indian  Ocean.  Be* 
tween  Borneo  and  the  coast  of  China  its  direction  is  almost  duo 
■ortb,  because  the  country  to  which  the  cuiTent  is  directed  lies  ra. 
ther  to  the  west  of  north;  a  circumstance  which  counteracts  its 
greater  Telocity. 

lo  winter,  when  the  sun  is  on  the  south  side  of  the  equator,  these 
countries  become  cool,  and  the  north-east  trade.wind  resumes  its 
omirse,  which  had  ic  not  been  for  the  interference  of  these  couo* 
tries,  would  hare  continued  the  whole  year. 

As  the  sun  approaches  the  tropic  of  Capricorn,  it  becomes  almost 
perpendicular  to  Mew  Holland :  that  continent  is  heated  in  Its 
turn,  the  air  OTer  it  is  rarefied,  and  colder  air  rushes  in  from  the 
uortk  and  west  to  supply  its  place.  This  is  the  cause  of  the  north, 
west  moosoon,  which  blows  from  October  to  April  from  the  3d  to 
llie  10th  degree  of  south  latitude.  Near  Sumatra  its  direction  is 
regulated  by  the  coast :  this  u  the  case  also  between  Africa  and 
Madagascar. 

The  same  cause  which  occasions  the  monsoons  gires  rise  to  the 
winds  which  blow  on  the  west  coasts  of  Africa  and  America.  The 
air  abore  the  land  b  hotter  and  rarer,  and  consequently  lighter, 
than  the  air  above  the  sea  ;  the  sea  air  therefore  flows  in,  and  forces 
the  lighter  land  atmosphere  to  ascend. 

The  same  thing  will  account  for  the  phssnomena  of  the  sea  and 
land  breezes.  During  the  day,  the  cool  air  of  the  sea,  loaded  with 
vapours,  flows  in  upon  the  land,  and  takes  the  place  of  the  rarefied 
land  air.  As  the  sun  declines,  the  rarefaction  of  the  land  air  is  di. 
SMnbhed  :  thus  an  equilibrium  is  restored.  As  the  sea  is  not  so 
much  heated  during  the  day  as  the  land,  neither  is  it  so  much  cooled 
during  the  night ;  because  it  is  constantly  exposing  a  new  sur(iicc 
to  the  atmosphere.  As  the  night  approaches,  therefore,  the  cooler 
and  denser  air  of  the  hills  (for  where  there  are  no  hills  there  are  no 
sea  and  land  breezes)  falls  down  upon  the  plains,  and,  pressing  upon 
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the  noir  comparatively  lighter  air  of  the  sea,  caasea  the  hmi- 
breeze. 

The  rarefied  air  which  ascends  between  the  second  aad  fifth  de^ 
grees  of  north  latitude  has  been  shown  to  be  the  principal  cause  of  the 
trade.winds.  As  this  air  ascends,  it  must  become  gradually  colder 
and  consequently  heavier ;  it  would  therefore  descend  sgain  if  It 
were  not  buoyed  up  by  the  constant  ascent  of  new  rarefied  air.  It 
must  therefore  spread  itself  to  the  north  and  south,  and  gradually 
mix  in  its  passage  with  tlie  lower  air ;  and  the  greater  part  of  it 
probably  does  not  reach  far  beyond  the  30*",  which  is  the  external 
limit  of  the  trade- wind.  Thus  there  is  a  constant  circulation  of 
the  atmosphere  in  the  torrid  zone  ;  it  ascends  near  the  equator, 
dififuses  itself  towards  the  north  and  south,  descends  gradually  as  it 
approaches  the  30^,  and  returning  again  towards  the  equator  per# 
forms  the  same  circuit. 

If  the  attraction  of  the  moon  and  the  diurnal  motion  of  the  smi 
have  any  effect  upon  the  atmosphere,  and  that  they  have  mmm 
effect  can  hardly  be  disputed,  there  must  be  a  real  motion  of  tte 
air  westwards  within  the  limits  of  the  trade- winds.  The  conse- 
quence of  this  westerly  current  is  an  easterly  current  on  its  portfi 
and  south  side,  as  has  been  demonstrated  by  D'Alembert.  Heooe 
the  frequency  of  south.west  winds  over  tHe  Atlantic  Ocean  and  the 
western  parts  of  Europe. 

Mr.  Kirwan  has  rendered  it  probable  that  the  frequency  of  sontfa. 
west  winds  in  our  latitudes,  at  least  during  winter,  is  owing  to  an  opm 
posite  current,  which  blows  in  the  eastern  parts  of  our  hemisphere, 
|)etween  the  coast  of  Malabar  and  the  Moluccas  during  the  same 
reason.  This  northern  wind  must  be  supplied  from  countries  stIU 
farther  north  to  the  pole,  which  must  be  recruited  in  its  turn  from 
the  countries  to  the  south  of  it  in  the  western  parts  of  our  he. 
misphere  ♦. 

Our  theory  of  the  variable  winds  is  still  too  imperfect  to  attempt 
.any  thing  like  a  satisfactory  explanation  of  them.  They  evidently 
stamp  the  nature  of  every  climate^  and  therefore  depend  upon 
causes  which  act  with  uniformity,  notwithstanding  all  their  appa- 
rent irregularity.  They  are  all  intimately  connected  with  each 
"       -  -■ -  ■  ^ 

*  Iribh  Trans.  Tiii,  400. 
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•thery  and  probably  sacceed  each  other  ia  a  certain  order,  thongh 
that  order  has  not  hitherto  been  obsenred.  All  that  can  be  done 
at  present  is  to  ofier  a  few  unconnected  remarks. 

Winds  appear  usoally  to  begin  at  that  point  towards  which  thej 
Uow  *•  They  must  therefore  be  owing  to  a  rarefaction  or  dis« 
placing  of  the  air  in  some  particular  quarter,  either  by  the  action 
of  heat,  or  some  other  cause.  This  is  more  particnlarly  the  case 
when  the  wind  blows  with  Tiolence.  Hurricanes  are  naiformij 
preceded  by  a  great  fall  of  the  barometer :  and  the  wind  often 
flows  in  erery  direction  towards  the  place  where  the  barometer 
stands  so  low.  One  would  be  tempted  in  this  case  to  suppose  the 
sudden  decomposition  of  a  portion  of  the  atmosphere.  Strong 
narth.eMt  winds  have  been  repeatedly  observed  beginning  at  the 
quarter  towards  which  they  flow.  In  1740,  Dr.  Fimnklin  was  piuw 
fontod  from  observing  an  eclipse  of  the  moon  at  Philadelphia  by  a 
northeast  storm,  which  caaM  on  about  seren  o'clock  in  the  e?eaing» 
He  w«  surprised  to  find  afterwaids  that  it  had  not  come  on  at 
Boston  till  near  eleven  o'clock :  and  upon  comparing  all  the  ac« 
coonli  which  he  received  from  the  several  colonies  of  the  beginning 
of  this  and  other  storms  of  the  same  kind,  he  found  it  to  be  ahrayf 
an  hour  later  the  farther  north-east  for  every  100  miles. 

^  From  hence,'*  says  he,  ^<  I  formed  an  idea  of  the  course  of  the 
ptorm,  which  I  will  explain  by  a  familiar  instance.  I  suppose  a 
long  canal  of  water  stopped  at  the  end  by  a  gate.  The  water  b  at 
last  till  the  gate  is  opened ;  then  it  begins  to  move  out  through  the 
gale,  and  the  water  next  the  gate  is  first  in  motion,  and  moves  on 
towards  the  gate  ;  and  so  on  successively,  till  the  water  at  the  head 
of  the  canal  is  iu  motion,  which  it  b  Ust  of  all.  In  this  case  all  the 
water  moves  indeed  towards  the  gate  ;  but  the  successive  timef  of 
beginning  the  motion  are  in  the  contrary  way,  viz.  from  the  gate 
back  to  the  head  of  the  canal.  Thus,  to  produce  a  north-east 
storm,  I  suppose,  some  great  rarefaction  of  the  air  in  or  near 
the  Gulf  of  Mexico ;  the  air  rising  thence  has  its  place  supplied 
by  the  next  more  northern,  cooler,  and  therefore  denser  and  heavier 
air ;  a  successive  current  is  formed,  to  which  our  coast  and  i^aod 
movntains  give  a  north-cast  direction  -^^ 

A  similar  storm  was  observed  by  Dr.  Mitchell  in  ifUF/l,     It  be. 

•  Kirwao,  iM.  p.  997.        4  FraoUio**  PMloMphical  Utenrvf ,  p.  Wi. 
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gan  at  Charlestown  on  the  2 1st  February,  at  two  o'clock  in  the 
afternoon ;  at  Washington,  which  lies  sereral  hundred  miles  to  the 
north-east,  it  was  not  observed  till  fire  o'clock  ;  at  New  York  it 
b^;an  at  ten  in  the  evening  ;  and  at  Albany  not  till  day.break  of 
the  nd>  Its  motion,  from  this  statement,  was  1100  miles  in  11 
boars,  or  100  miles  in  an  hour  *. 

A  remarkable  storm  of  the  same  kind,  and  accompanied  by  an 
easterly  wind,  was  observed  in  Scotland  on  the  8th  of  February 
1709.  It  was  attended  by  a  very  heavy  fall  of  snow,  and  the  mo* 
tion  of  the  wind  was  much  slower.  At  Falkirk  it  began  to  snow 
mt  six  in  the  evening  of  the  7th  ;  at  Edinburgh  at  about  one  o'clock 
in  the  morning  of  the  8th ;  and  at  Dunbar  at  eight  o'clock  in  the 
morning.  It  lasted  11  hours,  and  did  not  travel  above  100  milet 
daring  that  time. 

The  north«east  wind  blows  most  frequently  with  as  daring,  the 
spring  months ;  and  from  the  observations  made  by  Captaio  Cook, 
it  appears  that  the  same  wind  prevails  during  the  same  period  in 
the  Northern  Pacific.  Hence  it  appears  that  at  that  season  the  cold 
air  from  the  north  of  Europe  and  America  flows  into  the  Atlantic 
and  Pacific.  Hence  the  reason  of  its  uncommon  coldness,  dryness, 
and  density. 

It  is  very  common  to  observe  one  current  of  air  blowing  at  the 
surface  of  the  earth,  while  a  current  flows  in  a  contrary  direction 
in  the  higher  strata  of  the  atmosphere.  On  one  occasion  I  eveo 
observed  three  such  winds  blowing  in  contrary  directions  all  at  the 
same  time.  It  is  affirmed  that  changes  of  weather  generally  begin 
in  the  upper  strata  of  the  air ;  the  wind  which  blows  there  gnu 
dually  extending  itself  to  the  surface  of  the  earth  f. 

Besides  these  more  general  winds,  there  are  others  which  extend 
only  over  a  very  small  part  of  the  earth.  These  originate  from  many 
different  causes.  The  atmosphere  is  composed  of  three  different 
substances,  air,  vapour,  and  carbonic  acid ;  to  which  may  be 
added  water.  Great  quantities  of  each  of  these  ingredients  are 
constantly  changing  their  aerial  form,  and  combining  with  Tanoas 
substances ;  or  they  are  separating  from  other  bodies,  assuming 
the  form  of  air,  and  mixing  with  the  atmosphere.     Partial  voids, 


•  Phil.  Mai;,  xiii.  272. 
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tberefefe,  and  partial  acnimulations,  most  be  continually  taking 
place  in  different  parts  of  the  atmosphere,  which  will  occasion 
winds  farjing  in  direction,  violence,  and  continuance,  ac. 
cording  to  the  suddenness  and  the  quantity  of  air  destroyed  or 
produced.  Besides  these  there  are  many  other  ingredients  con. 
stantljT  mixing  with  the  atmosphere,  and  many  partial  causes  of 
condensation  and  rarefaction  in  particular  places.  To  these,  and 
oCkor  causes  probably  hitherto  unknown,  are  to  be  ascribed  all 
tkote  winds  which  blow  in  any  place  beside  the  general  ones  already 
eaplaioed  ;  and  which,  as  they  depend  on  causes  hitherto  at  least 
roekoned  contingent,  will  probably  for  erer  prerent  uniformity 
and  regularity  in  the  winds.  All  these  causes,  however,  may,  and 
probably  will,  be  discovered ;  the  circumstances  in  which  they  will 
take  place,  and  the  efiects  which  they  will  produce,  may  be  known ; 
and  whenever  this  is  the  case,  the  winds  of  any  place  may  in  soma 
aieasure  be  reduced  to  calculation. 

[  Thomson. 

SECTION    II. 

Meikodieal  Arrangemeniy  Intensity^  and  Velociijf  of  Winds. 

Thosx  who  would  now  wish  to  be  perfectly  understood,  when 
treating  of  the  winds,  must  previously  make  a  new  catalogue  of 
them,  including  all  such  as  have  been  lately  discovered,  and  this 
addition  made,  they  may  then  venture  to  enquire  into  their  several 
causes  and  effects. 

In  thb  manner  it  Is  my  intention  to  proceed  ;  and  to  begin  by 
laaking  a  new  division  of  those,  with  which  I  am  acquainted,  into 
lour  diferent  classes,  or  rather  genera,  of  which,  the  first  eicepted, 
there  are  many  different  species. 

Tiie  perennial ;  the  periodical ;  the  topical ;  and  the  general. 

The  perennial,  as  before  obserred,  is  the  only  wind  which  blows 
the  same  way  throughout  the  year. 

The  periodical  includes  principally  the  monsoons,  the  Mediter- 
ranean etesian,  or  periodical  winds,  the  tropical  land  wind,  the 
khumseen,  the  scirocco,  the  long-shore  wind,  the  harmattao,  and 
the  land  and  sea  breezes* 

The  topical  includes  the  sumyel,  the  mistral,  and  the  Bengal 
north  wester,  which  are  all  of  them  irregular,  topical,  and  tempo. 
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rarj,  blowing  always  from  the  same  point  at  particular  places  in 
suddeo  gusts,  but  of  short  duration. 

The  general  winds  are  those  which  prerail  in  all  parts  of  the 
worldbeyond  the  tropic,  and  might  with  equal  propriety  be  called 
variable  windj.  These  can  only  be  discriminated  from  each  other 
by  the  different  degrees  of  Telocity  with  which  the  current  of  air 
moves. 

The  tempest  is  both  in  cause  and  effect  the  same  as  a  harricase, 
or  whirlwind :  I  shall  therefore  use  these  words  Sjrnonjnoiislyy  aad 
place  them  in  the  first  order,  or  degree  of  violent  winds. 

The  storm,  or  what  the  English  seamen  call  a  hard  gale,  islikei^ 
wise,  I  believe,  nearly  the  same  ;  I  shall,  therefore,  make  ase  of 
the  former  for  the  land,  and  the  latter  for  the  sea  term,  and  reckoB 
these  in  the  seeond  class :  the  French  also  sometimes  speak  of  dks 
arageSy  storms,  as  temporary  gusts  of  wind,  or  sqnalls ;  whidk 
latter,  however,  in  their  own  marine  language  are  called  ^<  des 
grains  de  vent.'* 

The  gale  has  different  gradations,  as  a  hard  gale  or  storm,  ap- 
proaching towards  a  tempest,  a  fresh  gale,  and  a  moderate  gale; 
but  the  latter  approaches  towards  a  very  fresh  breeze.  Then  foU 
lows  a  moderate  breeze,  and  finally  a  gentle  breeze,  which  I  con. 
sider  as  the  slowest  sensible  motion  of  the  air,  not  unappositdy^ 
though  rather  fantastically  described,  by  a  fine  gentleman  sailor  io 
his  journal,  ^^  gentle  breezes  languishing  to  a  calm." 

The  force  and  intensity  of  different  winds  have  been  attempted 
to  be  calculated  with  great  care  and  ingenuity  by  Mr.  Rons*  His 
Tables  have  been  improved  upon,  and  considerably  augmeotecl)  by 
Dr.  Young,  upon  a  comparison  with  Mr.  Lindas  scale,  and  we 
thus  copy  them  in  their  improved  form. 
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SECTION  III. 

Perennial  or  Trade^zoinds. 

The  west  coast  of  Africa,  from  Cape  de  Verd  to  two  or  thre# 
degrees  S.  b  said  to  be  generally  flat  with  a  sand/  soU.  That  part 
of  it,  therefore,  which  is  situated  near  the  equator,  must  be  ex. 
ceisif  ely  hot  at  all  seasons  of  the  year,  but  particularly  about  the 
two  equinoxes.  Within  many  leagues  of  this  coast,  then,  the  sea 
for  nearly  ten  months  of  the  year,  being  much  cooler  than  the  land, 
the  current  of  air  to  restore  the  equilibrium  must  necessarily  come 
almost  constantly  from  the  westward,  according  to  the  situation  of 
the  san  and  the  bearings  of  the  land.    Bat  it  will  Tery  seldom  vary 
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much  from  the  western  point  near  this  coast,  except  at  the  two 
solstices.  During  the  harmattan,  and  sometimes  at  other  seasoDS, 
the  wind  will  occasionally  blow,  a  few  hours  before  day,  off  the 
land,  a  circumstance  perfectly  well  known  to  all  commanders  of 
ships  in  the  Guinea  trade,  who  are  generally  obliged  to  stand  out 
from  the  coast,  as  near  as  they  can  to  the  westward  of  N.  or  S* 
accor^ring  to  their  destination,  to  catch  the  perennial  winds;  and 
until  they  reach  them,  they  are  constantly  baffled  by  squalls  and 
calDis  iccompaniod  with  violent  thunder  and  lightning,  and  frcw 
quer.tly  tnt*y  meet  with  water.spouts. 

Oil  the  opposite  coast  of  America,  for  the  same  reason,  the  wind 
blows  almost  constantly  towards  the  E.  Tarving  perhaps  a  few  de« 
grees  N.  or  S  according  to  the  nature  and  situation  of  the  oeigli. 
bouring  coast,  and  also  to  the  sun's  place  in  the  ecliptic  ;  for  Oft 
this  coast  there  are  likewise  pi  riodical  winds,  a  sort  of  monsoons 
varying  from  the  N.E.  to  the  8,E. 

In  that  p&rt  of  Brazil,  which  extends  from  the  Utitnde  of  if» 
degrees  S.  to  the  tropic,  the  wet  season  begins  in  April,  when  flw 
wind  changes  to  the  S.£.  with  fresh  gales  accompanied  with  tfrnndar 
and  lightning.  But  in  September,  when  the  wind  shifts  to  the  N.E. 
it  brings  with  it  a  clear  sky  and  fair  weather.  There  is  no  conntiy 
on  this  continent  within  the  tropics,  where  the  heats  are  more  tide* 
rable,  or  the  air  more  salubrious  than  in  this  part  of  America*  fiir 
it  is  not  only  frequently  refreshed  with  breezes  from  the  sea.  bat, 
being  mountainous^  it  also  abounds  with  lakes  and  rivers,  which 
often  overflow  their  banks,  so  that  the  climate  of  the  inland  cou- 
try  is  equally  temperate  with  the  sea-coast. 

But  in  the  middle  of  this  ocean,  between  the  two  great  continents, 
and  a  very  few  degrees  E.  and  W»  of  that  central  meridian,  tiie 
regular  pi  rennial  winds  constantly  prevail,  subject  to  some  slight 
variations  according  to  the  situation  of  the  sun.  Whilst  he  h  near 
the  equator,  ships  find  great  difficulty  in  passing  the  line,  at  which 
season  they  are  sometimes  becahned  until  his  declination  increases 
to^  seven  or  eight  degrees ;  but  when  it  amounts  to  fifteen  degrees 
N.  or  S.  they  generally  cross  it  with  a  fresh  breeze,  and  particnlarlr 
when  he  is  near  either  solstice.  The  perennial  wind  in  both  hen^ 
spheres  varies  likewise  at  these  times ;  for  when  the  sun  is  in  Can. 
cer,  the  S.£.  perennial  extends  to  four  or  five  and  even  six  degrees 
across  the  line  to  the  northward,  Inclining  more  to  the  S.  than  the 
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E.     On  the  contrary,  when  h*  'n  i»  Cspricoro  the  N.E.  p(>rei)Dial 

eil«uili>  an  equal  number  of  degrees  to  tlie  south  of  the  eifuatur,  , 

bot  it  iodines  more  to  the  narthwarj.    Ail  which  facts  dearly  prove,  J 

th»t  the  lower   current  of  air,  being  rarefied  by  the  reflected  heat  | 

of  th«  tun,  ascends,  and  the  equilibrium  is  restured  by  a  large  body 

of  dense  air,  which  rushes  forward  in  a  right  line,  and  with  a 

strong  current,  to  fill  up  the  vaciiuru. 

The  early  Portuguese  and  other  European  nsTigators,  in  atteinpt. 
ing  to  sail  towards  the  Cape  of  Good  Ilop«,  weregrea'ly  obslracled 
in  tbetr  voyages  Ihither  by  not  aiUerting  to  these  circumitances  : 
bat  the  use  of  the  compass  was  then  very  tittle  known.  Most  of 
Ibctn  therefore  endeavoured  to  keep  close  to  the  wrsl  coast  of 
Afric«,  by  which  means,  being  then  also  ignorant  of  the  real  geo- 
graphy of  (his  continent,  they  rspected  to  shorten  their  distance  ; 
but  thus  situated,  they  necessarily  encountered  constant  calms  and 
toroadoM,  and  seldom  performed  their  voyage  out  and  home  in 
less  than  two  or  three  years  :  whilst  someother  adfenturers,nearly  , 

»bonl  Ihe  sane  period,  in  trying  to  avoid  these  in  conveniences,  fell 
in  with  the  American  coast,  and  were  likewise  ditaiiied  by  Ihe  S. 
E.  winil,  which  of  course  retarded  (heir  progress  on  that  side,  for 
thejr  could  not  without  great  difliicnity,  and  that  only  at  particular 
teuooi,  make  their  way  to  the  southward. 

I  Bvl  the   belter  informed   modern    naTigalors,   profiting  by  long 

and  de«r.bought  esperience,  have  learned  (o  keep  nearly  the 
fflid.cbannel,  where  they  are  a'shted  by  constant  perennial  winds, 
and  where  tbey  may  yet  allow  some  room  for  leeway  in  the  southern 
trwpic,  ■  precaution  pariirularly  necessary  whilst  the  sun  is  war 

'  onr  aommer  solilice,  for  at  lliat  time  ibe  S.E.  perennial  wind  in. 
cliiMfi  very  much  towards  the  southward.  Both  outward  iud  home, 
ward  bound   India  ship*  pass  the  equator  in  the  Atlantic  in  about 

I  18  or  40  degrees  W.  By  keeping  this  course  they  never  fall  in 
with  the  coast  of  America,  either  going  to  the  Cape  of  Good  Hope, 
or  returning  from  it ;  and  at  (he  same  time  (bey  avoid  the  calms 
on  the  coast  of  Africa. 

After  having  passed  the  southern  tropic  three  or  four  degrees, 
iMp<  which  sail  from  Europe  between  February  and  May  seldom  ■ 

find  themselves  more  than  96  or  tB  degrees  W. ;  which  by  the  I 

Itirnching  away  of  the  American  coast  to  the  westward  in  these  la-  I 

tUodet,  it  about  half-wiy  between  the  two  continents.     The  wlndi  ^    ^^m 
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in  these  latitudes,  in  the  month  of  May,  are  generally  found  fa. 
riable,  as  if  alternately  and  equally  attracted  by  both  continents ; 
but  as  vessels  adfance  to  the  southward  in  the  months  of  May  and 
June,  and  approach  towards  Africa,  the  wind  between  the  latitude 
of  28  and  35  degrees  S.  coir.es  round  to  the  westward,  and  generally 
blows  fresh  from  the  N.NV.  until  they  ha?e  passed  the  Cape  of 
Good  Hope. 

The  wind  just  beyond  the  bounds  of  the  perennial  coning  fron 
this  quarter,  seems  in  some  degree  to  confirm  Dr.  Halley's  theory 
of  the  superior  current  of  air  in  this  situation  forming  a  coatrmry 
current  at  the  commencement  of  the  temperate  zone.  This  obser* 
vation  must  be  confined  to  particular  seasons  within  certain  limitf » 
and  not  be  considered  as  invariably  the  case,  even  in  the  southera 
Atlantic ;  for  in  those  same  parallels  of  latitude,  the  winds  are 
light  and  variable,  coming  often  from  the  S.  E.  and  yeering  occa- 
sionally to  almost  eyery  point  of  the  compass.  To  the  eastward  of 
the  Cape  the  S.E.  wind  blows  frequently  during  their  winter  with 
considerable  violence  for  several  days  successively.  But  the  soolk* 
eriy  winds  to  the  eastward  of  the  Cape  blow  with  most  Tioknca 
when  the  sun  is  jn  Capricorn,  that  is  during  their «ummer  months; 
for  when  the  land  on  the  extremity  of  the  east  coast  of  Africa  ii 
heated  by  the  presence  of  the  sun,  the  colder  air  from  tlie  mnCarctiC 
circle,  put  in  motion  by  the  sun's  melting  the  ice  in  those  froien 
regions,  frequently  rushes  forward  towards  the  land  near  the  Ci[M 
of  Good  Uope  with  considerable  force. 

Bacon  long  since,  and  even  Pliny  before  him,  has  in  effect  oh- 
served,  that,  from  the  vicinity  of  lofty  mountains  covered  with 
snow,  the  winds  blow  periodically  when  the  snow  begins  to  melt. 
Ubicunque  siti  sunt  monies  alii  et  niiaUs,  ab  ea  parie^ /Umi 
venii  stati  ad  iempus  quo  nivet  solvuniur. 

The  S.E.  perennial  wiud  blows  constantly  some  few  degrees  to 
the  eastward  of  Madagascar  at  all  seasons  of  the  year,  as  far  nearly 
as  the  island  of  Java,  where  it  comes  within  the  reach  of  the  regular 
monsoon;  aud  indeed  between  the  island  of  Madagascar  and  tlM 
nain  land  of  Africa,  commonly  called  the  Mosambique  Channd, 
the  perennial  winds  are  checked  by  the  proximity  of  the  two  great 
bodies  of  land,  and  consequently  partake  of  the  nature  of  noiu 
soons. 

{Cupper  on  Ulndi  and  MonsoorJ. 
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SECTION  IV. 

Periodical  Winds, 

Tropical  Sca^winds  or  Monsoons. 

Tab  osme  as  well  as  the  nature  of  the  monsoons  is  misander. 
stood ;  the  word  is  not  drriYed  from  the  nane  of  a  f^reat  mariner, 
tot  desrly  from  the  Persian  word  monsnm»  meaning  season.  In 
tropical  coontries  tiiere  are  bat  two  seasons  :  those  in  Hindostan 
are  diatingnised  by  the  N.£.  and  S.W.  monsoons.  Bat  farther  to 
the  eastwsid  and  southward  of  the  line,  and  the  gatf  of  Bengal,  (he 
■OMOOas  blow  from  different  qaarters.  The  N.E.  becomes  in  tho<o 
parts  tbo  N.W.  and  the  S.W.  becomes  the  S.E.  The  causes  of 
those  cbsngcy  and  the  original  canses  of  the  monsoons  1  shall  here. 
after  attempt  to  explain,  bot  first  I  shall  endea? oar  to  point  not 
soaie  geaerall/  prefailiag  error «  respecting  the  coarse  and  changes 
of  tliem  la  difereot  parts  of  Hindostan,  derived  in  all  probability 
from  Ibe  early  narigators  to  India.  As  neither  ancient  nor  modern 
geog^rapben  hava^yet  fixed,  with  any  degree  of  precision,  the  namrs 
or  boandaries  af  the  different  oceans,  aea«,  and  ealfs  where  the 
BMNUOons  pfffTail,  to  avoid  farther  interroption  and  trouble  I  shall 
beg  leave  in  thb  place  to  make  a  new  division  o'^  them. 

Tbe  galf  of  Bengal  is  apparently  so  called  on  account  of  the 

rich  and  fertile  province  of  (bat  name,  sitaated  at  the  north,  or  bead 

ofiC     la  this  golf  tberefore  no  alteration  is  proposed.     The  S.W, 

booadariet  of  this  golf  1  shall  fix  at  Doodre  Head,  on  the  i^lani  of 

Cejrioo,  latitade  6*  t(/  \.  and  longitude  80*  48^  E.  of  Gre«^nwicb. 

Aad  for  the  S.E.  side,  Acheen  Head,  latitude  5'  3(/  N.  longitude 

95*90^  E.     For  the  northern  extremity,  the  well  known  dty  of  Cal. 

catta,  latitade  ST  M"  45'^  N.  longitude  88*  29"  ^J''  E.     On  the  W. 

side  of  tbe  peainsob,  the  coa^t  of  Malabar,  with  Cape  Guardafui, 

oa  the  ooaat  of  Africa,  forms  another  considerable  gulf,  freoneatly 

tilled  tbe  Aralrian,  bat  generally  the  Indian  ^,^a  :  bat  tbi«  latter  ia 

particalar  seems  to  be  a  name  equally  applicable,  and  often  ap;^Iied^ 

to  tbe  galf  of  Bengal,  and  even  to  ti.'f  seas  to  tbe  eastward  and 

Mtttbward,  aad  cooseqaently  is  very  lad tr« site ;  whilst  (be  Arabian 

Sea  may  be  confouaded  with  tbe  Red  Sea  or  Arabian  Calf* 
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Adopting  therefore  in  a  great  roeasure  the  plan  of  the  orieotal  geo« 
graphers,  I  shall  name  this  sea  the  Gulf  of  Sind.  The  rirer  Indus 
eJTing  the  name  to  the  first,  and  Hindustan  divided  by  (he  Ganges 
to  the  second  division.  The  river  Indus  will  Chen  be  placed  at  the 
head  of  one  bay,  and  the  Ganges  at  the  head  of  the  other  ;  Tatta, 
a  considerable  city,  situated  on  the  former,  and  Calcaita  cm  the 
latter,  Tatta,  according  to  Major  Rt* nnel,  is  in  the  latitude  of 
^r  5(/  N  longitude,  67°  37'  E.  Cape  Guardafni  to  the  S.W.  lati- 
tude 12  degrees  N.  longitude  b'Z°  30'  C.  and  Cape  Comorhi  to  the 
S.K.  in  the  latitude  of  7«  66'  N.  longitude  78"  5'  E. 

From  the  southern  extremity  of  these  two  gulfs  to  the  tropic  of 
fnpricorn,  extending  likewise  eastward  from  the  east  coast  of  Africa 
to  the  west  side  of  New  Holland,  I  shall  denominate  the  Indian 
Ocean,  this  being  a  considerable  portion  of  the  ocean  leading  to 
l>oth  gulfs  in  Tndia,  as  well  a^  to  China  and  the  eastern  islands, 
including  all  India,  both  within  and  without  the  Ganges.     FroB 
that  parallel  of  latitude  to  the  south  pole,  including  that  part  of  the 
4>ccan  situated  between  the  K  of  Africa  and  the  W.  of  New  HoK 
land,  I  shall  call  the  Great  Southern  Ocean.     These  new  dirisioBf 
may  nut,   perhaps,   be  deemed  in  every  respect  strictly  acduate, 
but  they  will  answer  our  purpose,  and  therefore,  withont  farthet 
preface,   we  will  now  proceed  to  make  some  observations  on  tht 
(lifTerent  monsoons  and  prevailing  winds  within  these  boandariet. 

The  winds  in  the  golf  of  Bengal  are  generally  said  to  trfow  lil 
months  from  the  X.E.  and  the  other  six  from  the  S.W.  Thb  hkr 
from  being  precisely  true  respecting  any  part  of  India  ;  it  is,  liov. 
erer,  sufficiently  accurate  for  our  present  purpose,  and  therefore! 
shall  in  part  adopt  this  position  as  well  as  the  common  conntrj 
name  of  monsoc:^ ;  trusting,  that  in  the  course  of  this  enquiry,  I 
shall  be  able  to  account  for  the  several  deviations  of  the  wind  fron 
the  monsoon  points,  and  at  the  same  time  in  some  measure  toezplaia 
the  causes  of  them. 

From  the  island  of  Ceylon  to  Balasore  Roads,  the  N.E.  monsoon 
is  said  to  begin,  near  the  coast  of  Coromandel,  early  in  October. 
Hut  in  fact  between  the  two  monsoons,  the  expiration  of  the  one 
and  the  commencement  of  the  other,  the  winds  and  current!  ait 
variable  on  this  coast,  partaking  of  both ;  frequently,  however| 
calms  prevail  during  the  whole  month  of  September,  and  even  eariy 
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in  Ortobrr,  witb  k  strong  current  from  the  N.  E.  towards  the  S.  W. 
At  ihii  period  w«  mnst  lemembcr  thai  tlie  tan  is  fast  approacliing 
towanis  tli«  equinoctial,  which  he  crosses  nearly  about  the  2^il  ot 
September.  A»  his  declination  afierwards  increases  from  seren  to 
fine«n  degrees  S.  which  is  belwf-en  the  10th  and  3tsl  of  October,  his 
abience  from  the  northern  hemi^^phere  begins  to  be  felt ;  atid  as  hi 
at  the  same  time  rareSes  the  air  both  by  sea  and  land  lu  The  south, 
airil  of  the  equator,  Ihe  warm  air  then  over  the  Indian  Ocean, 
but  particularly  o»er  the  eastern  side  of  the  continent  of  Africa,  as 
uiual  ascends,  and  the  cold  air  from  the  N.  meeting  the  perennial 
east  wind,  they  pa?s  forward  progressively,  beginning  nhere  tho 
rarefftciion  takes  place,  and  probably  continuing  to  an  immense 
diitance,  and  thus  form  the  N.K.  monsoon.  The  exact  point 
«h'>re  the  northerly  wind  terminates  I  shall  not,  in  this  place,  at. 
tempt  to  aicerl.iin  ;  but  we  may  venture  to  suppose,  that  it  must 
be  at  lc«rt  as  far  towards  the  N.E.  as  the  wtst  side  of  the  Thibet 
and  Napal  mountains,  separating  India  from  China,  and  which  in 
oiDler  »n  always  covered  with  snow.  From  this  frozen  eminence 
•  current  of  cold  air  will  move  with  considerable  velocity  touards 
the  tropic,  on  the  approach  of  the  sun,  until  the  equilibrium  is  re. 
ftored  ;  but  at  the  latter  end  of  January,  the  sun  agaiu  beginning 
to  rrhtm  towards  the  N.  produces  a  sensible  t  ffcct  on  the  .irr ;  fur 
ia  proportion  as  he  approaches  towards  the  equator,  the  current  ul 
iir  ID  the  golf  of  Bengal,  near  the  land,  takes  B  different  direction. 
Abo«t  (his  time  the  wind,  iinm<'diately  on  the  coast  of  Coromandel, 
no  longer  blows  viulenlly  or  regu'arly  from  the  N.E.  as  in  tho 
«imm«ncement  of  the  monsoon,  but  lirst  abates  in  strength  (like  a 
corrvnl  of  water  when  the  leiel  Is  nearly  restored)  and  then  changes 
daily  to  regular  land  and  sea  breeiea,  which  uf  course,  near  the 
coul,  tre  obiiously  occasioned  by  the  alternate  rarefaction  of  the 
air  by  sra  and  land. 

In  lh«  Vlosambique  Channel  (he  monsoons  correspond  nearly 
with  those  on  the  Malabar  coast,  if  not  in  their  commeucemeot  at 
Icaat  in  their  duration.  The  S.W.  monsoon  begins  in  April  and  • 
continoes  till  November.  The  N.E.  then  succeeds,  and  cuntinues 
UDtU  April ;  but  the  S.W.  monsoon  in  this  channel  is  the  fair  sea. 
>oa,  and  the  wind  varies  sometimes  towards  the  S.B.  and  KS.V..  uti 
Mthtt  owM,  ftbont  the  middle  of  Nuvember,  wiiare  dw  tberv 
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■re  gcneraltf,  regular  hnd  anJ  sea  bre<'Zei.     The   N.E- 
soon    regularly    begins   early    in    November    nrar 
Hlandi,  and  the  oorth  end  or  Madagascar,  bul  aeUlom  ei(end) 
ynud  StAuguGline's  Bay   to  the   suulhuard,   nhlcli    is  near 
southern  tropic.     Gut  on  the  eaU  side  orMadigascar,  beyond 
Islands  of  Bourbon  and  Mauritius,  towards  what  are  cslleil 
Kaslern   hUnds,   the  S.E,  pcreiiiiia!   prerailg   all   over   the  Ind 
Ocean,  from  the  latitude  of  1 1  lo  3S  degriEs  S.  whiUl  <o  the  S.  I 
eastward  of  ihe  islands  of  Java  and  Sumatra,  llie  N.W.  mA  SJL 
monsuoni  alternately  preTail  at  the  different  seasons  of  the  jesb 
The  S.E.  monsoon  in  these  sea.s,  according  iS  Monsieor  D'  Apra^ 
commenrcs  in  (he  month  of  April  and  conlinuei  till  Novenbt^ 
when  it  changes  to  (he  N.W.;  bul  between  the  two  monsooof 
winds  and  currents  there,  as  in  other  places,  are  light  and  vmriablN 
Throughout  the  whole  extent  of  the  Eastern  Isles,  as  far  a*  llnxi 
and  Solor,  the  N.W.  monsoon  brings  bad  weather;  this  wioil  it 
f  blent  and  accompanied  with  rain.    The  slormy  weather  conlinon 
all  Januar]  and  until  (he  middle  of  t'tbruary,  it  tlten  abates,  saif 
entirely  ceases  about  the  end  of  March.     In  Ihe  month  of  April 
Ihe  variable  winds  render  the  weather  mild,  and  the  sea  is  aflVclfd 
only  by  occasional  squalls   of  short  duration.     In  May  the  S.L 
wind  becomes  settled,  and  blows  incessantly  in  June  and  July 
coQiiJirablu  strength:  during  Ihis  lime,  however,  the  weatlwrlV> 
fine,  with  a  clear  serene  sky  unlit  Ihe  end  of  September,     lo 
month  of  October  the  S.E,  monsoon  dies  away,  and  the  windt  I 


ti  Ihe  N.W.  As  Dr.Hil 
on  in  this  part  of  (he  InJ 
1  altempt  lo  account  for  it 


!  lo  offer  some  conjectures  on  1 


it  has  often  been  before  < 


come  variable  till  they  again 
mentions  Ihe  difference  of  the  n 
Ocean  S.  of  the  eijuator,  but  do 
■hall  in  this  place  take  upon  mt 
subject. 

The  earlh,  during  Ihe  sumraei 
served,  receives  and  retains  a  greater  degr«e  of  heat  from  tb«  I 
than  llie  sea,  which,  by  ils  constant  motion  and  (Uiange  of  snrCil 
4s  at  this  season  infinitely  cooler  than  Ihe  land,  ikarUcnlarly  ia  I 
torrid  zones;  but  during  the  winter,  in  Ihe  temperate  zones,  I 
sea  is  much  warmer  than  Ihe  land,  particularly  in  high  latilgi 
In  Ibe  summer,  therefore,  the  great  body  o(  air,  near  very  ezU 
site  coottnenli,  will  of  course  move  from  Ihe  sea  to  the  Utid.  ■ 
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in  the  winter  quite  the  contrary  will  happen.  Now  if  we  refer  to 
the  map,  we  shall  find  New  Holland  an  immense  tract  of  land  to  the 
S.E.  of  the  Sunda  and  Molncca  islands;  and,  if  unbroken  by  a 
mediterranean  sea,  almost  equal  in  extent  to  all  the  land  in  Europe. 
It  is  situated  partly  within  and  partly  beyond  the  tropic*  When 
therefore  the  snnis  nearest  his  highest  declination  N.  which  of  course 
Is  the  winter  of  the  southern  hemisphere,  and  rarefies  the  air  OTer 
the  continent  of  Asia,  the  current  of  air  in  the  southern  hemi. 
sphere,  independently  eren  of  the  regular  perennial  wind,  will 
more  from  the  S.E.  to  restore  the  equilibrium  to  the  N.W. :  on 
the  contrary,  in  the  month  of  NoTember,  December,  and  January, 
whilst  the  sun  is  nearly  rertical  orer  a  part  of  New  Holland,  the 
current  of  air  through  the  Sunda  and  Molucca  islands  wi)I  come 
from  the  N.W.  to  fill  op  the  vaccnm  made  by  the  rarefaction,  and 
thus  occasion  an  alternate  monsoon  of  S.E.  and  N.W. 

This  obTious  manner  of  accounting  for  the  N.W.  and  S.E.  mon. 
soons  on  the  east  side  of  the  Indian  Ocean,  would  not  hare  escaped 
the  discernment  of  the  learned  Dr.  Hallpy,  had  he  not  become  weary 
of  the  subject,  or  directed  his  attention  towards  pursoits  of  atiM 
greater  importance.  He  closes  his  remarks  concerning  this  sub. 
ject  with  observing,  ^^  On  this  same  principle  to  the  southward  of 
the  equator  in  part  of  the  Indian  Ocean,  the  N.W.  winds  succeed 
the  S.E.  when  the  sun  draws  near  the  tropic  of  Capricorn.  But  I 
must  confess  that  in  this  latter  occurs  a  difficulty  not  easily  to  be 
accounted  for,  which  is,  why  this  change  of  the  monsoons  should 
be  any  more  in  this  ocean  than  in4he  same  latitudes  in  the  Ethiopie 
Ocean,  where  there  is  nothing  more  certain  than  a  S.E.  wind  all 

the  year." 

Haying  said  eyery  thing  that  appears  to  me  necessary  respecting 
the  monsoons  in  the  gulf  of  Bengal,  the  gulf  of  Sind,  and  the  In- 
dian  Ocean,  I  shall  offer  a  few  words  on  the  winds  in  the  China 
teas,  and  afterwards  direct  the  reader's  attention  to  the  winds  in 
the  Arabian  and  Persian  Golfs. 

In  the  gulf  of  Siam,  on  the  coasts  of  Campogia  or  Campoge,  of 
Cochin  China,  and  in  the  gulf  of  Tonquin  and  China  (according  to 
Monsieur  D'Apres  de  Mainyillette)  the  S.W.  monsoon  commences 
on  the  coast  in  the  course  of  the  month  of  April ;  but  if  out  at  sea 
io  those  parts,  it  does  not  change  until  a  month  later.    It  is  for  this 

v4 


216  TBOPICAL  SBA-WIMDS  OR  MONSOOHS. 

r<^MOQ,  that  OD  the  north  part  of  Borneo  to  the  islands  of  Paragoa 
and  Laconia,  it  b  seldom  known  to  blow  constantly  but  from  the 
Ist  to  the  15th  or  20th  of  May.  As  the  S.W.  monsoon  continoes 
only  about  six  months,  and  commences  near  the  coast,  it  there 
ceases  first  likewise  in  the  same  manner,  and  is  immediately  sac 
ceeded  by  the  N.E.  Thus,  it  is  etident,  the  N.E.  and  S.W.  non. 
aoons  reign  constantly  to  the  north  of  the  line  to  the  eastward,  as 
well  as  in  the  gulfs  of  Bengal  and  Sind  ;  whilst  the  N.  W.  and  S.E. 
monsoons  to  the  eastward,  are  absolutely  confined  to  the  sovtli  of 
the  line,  within  the  reach  of  the  influence  of  New  Holland.  It  hu 
been  already  observed  that  the  word  monsoon,  is  derived  from  the 
Persian  word  mouium^  season.  The  yiolent  hurricanes  io  those 
seas  are,  by  our  sailors,  called  iuffoon  or  t^phon  ;  this  term  is  de. 
rWed  either  from  the  Greek  ru^cux,  or  from  the  Persian  word 
ioofany  a  whirlwind  or  tempest.  Whether  the  Greeks  or  E^grp- 
tiaos  gaTe  this  word  to  the  Persians,  or  receired  it  from  them,  it  is 
not  necessary  in  this  place  to  determine ;  but  these  and  many  otker 
professional  terms  used  by  mariners  in  all  parts  of  the  east,  both 
by  the  natives  and  Europeans,  respecting  the  winds  and  weatlier, 
together  with  many  of  the  ports  of  great  resort  on  the  difiemt 
coasts  in  the  Indian  seas  being  called  by  a  particular  conntrj  name, 
with  the  addition  of  bender^  signifying  a  port,  and  banksala^  a 
magazine,  render  it  extremely  probable,  and  we  may  say  almost 
certain^  that  the  Persians  were  the  earlie:it  navigators  of  the  In. 
dian,  and  perhaps  the  China  seas.  The  Portuguese  succeeded'then, 
and  adopted  the  sea  terms  of  their  predecessors,  which  are  now 
used  by  all  oiher  maritime  nations,  being  however  very  mnck  dii* 
guised  by  dilfercnt  European  orthography  and  pronunciation. 

In  the  Arabian  and  Persian  gulfs,  according  to  Mon8.D*Apres, 
the  winds  art*  very  different, although  he  remarks  they  are  separated 
only  by  Arabia.  ^^  They  blow,"  says  this  author,  ^^  in  the  Red 
Sea  almost  nine  mouths  in  the  year  from  the  southward,  that  is  from 
the  end  of  August  to  the  16th  of  May,  and  sometimes  to  the  end  of 
that  month,  when  the  wind  changes  to  the  N.  and  N.N.W.  and  ge» 
n^rally  continues  in  that  quarter  to  the  end  of  August,  but  sone. 
times  the  laud  and  sea  breezes  prevail." 

In  the  gulf  of  Persia  the  S.W,  wind  blows  from  the  month  of 
October  to  July,  and  about  three  months  from  the  opposite  quarter. 
These  winds,  however,  are  not  so  regular  as  those  in  the  Red  Sea. 
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bt-iaf  oftta  iaterraptcd  by  frvdi  galct  from  the  S.W.  priocipalljr 
ffom  Capt  Mo^nnimm,  wmd  soBttimes  by  land  breezes.  [f  A 

t.    Etesian  Wind. 

Taaou«BovT  tke  wkole  Mediternweao,  bat  mostly  in  the 
cnstera  bmch,  iaclnding  the  Adriatic  and  the  Archipelago,  the 
N»  W.  winds  prefail  in  the  summer  months.  Daring  the  winter 
thej  are  TariaUe,  bat  the  S.  E.  and  S.  W.  blow  frequently  with 
grant  Ibrca  near  the  two  solstices. 

In  Greece,  partit-alarly  in  the  Morea,  which  is  almost  sur- 
fovnded  by  the  sea,  the  Etesian  minds,  according  to  Aristotle,  and 
nther  Grecian  writers.  Mow  abont  forty  days,  with  their  pro* 
dfnmi  which  precede  them,  as  their  name  itself  implies,  about  eight 
€t  lew  days,  making  abont  fifty,  both  these  together  correspond 
■onrly  in  their  commenceoient  and  dnrmtion  with  the  Khnmseen 
wind  m  the  AnbiaB  Galph.  Bnt  the  snmmer  Etesim  in  Greece 
nad  tkn  If  oren  come  from  the  N.  W.  nnd  the  Khnmseen  from  the 
S.W.  These  winds  ate  likewise  noticed  by  Pliny  and  Seneca, 
Mid  nkn  by  Gcero,  (NaL  Deor.n.630  who  says  that  in  Italy 
Aksjf  am  cqnally  comfortable  and  salntary  to  men,  beasts,  and 
bifds,  nnd  likewisa  beneficial  to  vegetation,  by  moderating  the 
^ioloDt  bent  of  the  weather  daring  the  inclement  season  of  the  dog. 
dnja. 

Whan  the  snq  advancing  towards  the  N.  has  begon  to  rarify  the 
of  the  sonthem  countries  of  Europe,  the  spring  Ei«:siae 
in  ibt  Mediterranean,  which  according  to  the  ancients, 
in  Itniy  daring  the  months  of  March  and  April,  and  were 
caBed  by  ibt  Roman  writers  the  Favonii.  Their  iiiioence  at  fir»t 
will  be  bnt  slightly  felt,  bnt  as  soon  as  the  earth  becomes  consider* 
aNy  wnrmer  than  tlM  Mediterranean,  tlM  current  of  air  will  tlien 
mofa  from  the  sen  towards  dw  land,  and  consrqnently  prodocc  the 
FavonS  or  gentle  western  lircexes,  to  which  those  anthon  allude. 

For  some  weeks  after  the  equinox,  the  warmth  of  the  son  will 
■oC  be  ^fj  sensibly  lelt  on  the  froxea  Alps  ;  Iwt  ^is  hi*  deciina- 
linn  increnses,  some  tiow  even  before  the  snmmer  Mlstice,  a  pert 
of  the  ice  and  snow  on  thoae  mountains  nill  begin  la  diMolve,  and, 
aocofding  to  the  observation  of  L4ird  BaccNi,  put  the  air  in  moiiou 
from  Hm  northward,  to  fill  up  the  vacnnm  produced  by  the  rare* 
faction  of  the  nir  nvnr  the  sonlhem  part  of  Italy.     Thb  wmd. 
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therefore,  at  first  will  bejight  and  Tariable,  and  fire  rise  to  tlie 
Prodromi,  but  will  increase  as  the  son  admnces,  so  that  this 
northerly  current  of  air  from  the  Alps,  and  westerloj  current  of 
air  from  the  Atlantic  Ocean,  continuing  to  moTe  at  right  angles, 
and  nearly  with  equal  Telocity  from  the  same  distance,  will  at 
length  unite  and  pro<luce  a  N.  W.  wind  on  the  western  part  of 
Italy,  which  is  the  part  whence  the  summer  Etesise  are  said  to 
blow. 

In  this  manner  it  appears  to  me  we  may  account  for  the  periodi. 
cal  winds  which  are  known  to  pre? ail  both  in  Greece  and  Italy^ 
and  throughout  OTery  branch  of  the  Mediterranean.     Bat  in  the 
autumn  all  these  winds  become  Tariable,  sometimes  blowing  from 
the  sea  towards  the  coast,  aud  at  other  times  in  a  contrary  diree* 
tion.    These  frequent  changes  may  probably  be  attributed  to  the 
sadden  alteration  in  the  temperature  of  the  sea  and  land  ;  for  ai 
the  son  regularly  declines  towards  the  equinoctial,  the  earth,  both 
on  the  continent  of  Enrope  to  the  northward,  and  of  Africa  ta  ths 
southward,  gradually  cools  again,  subject  for  some  time  to  slight 
rariations,  either  on  the  earth  or  the  sea,  which  must  necenarily 
produce  Tariable  winds  in  the  Mediterranean,  untill  lome  weeks 
after  the  autumnal  equinox.     The  western  branch  of  the  Mediter. 
raneao,  situated  between  the  Alpine  regions  to  the  N.  and  the  eon. 
tinent  of  Africa  to  the  S.  must  at  all  seasons  be  subject  to  violent 
changes  of  both  wind  and  weather,  particularly  in  the  months  of 
March  and  September,  about  the  two  equinoxes,  when  the  sadden 
Tariations  of  heat  and  cold  are  greater  than  at  any  other  time  of 
the  year.    But  as  during  the  winter  season  the  sea  will  generally  be 
warmer  than  the  land  on  either  side,  a  current  of  air  will  moTe 
sometimes  towards  the  Mediterranean  from  the  continent  of  En- 
rope, and  nearly  at  the  same  time  perhaps  from  that  of  Africa, 
which,  late  in  autumn  and  throughout  the  winter,  will  prodoce 
opposite  currents  of  air  in  every  part  of  the  sea,  particalarly  near 
the  respectiye  coasts ;  and  to  these  opposite  currents  of  air  may 
probably  be  imputed  also  the  sudden  storms,  accompanied  with 
heafy  showers  of  rain,  that  frequently  occur  on  the  African  side  of 
the  Mediterranean,  during  the  early  part  of  winter.     The  gosts 
of  wind  at  this  time,  though  violent,  are  generally  of  short  dnnu 
tion.  lid. 

It  is  to  this  periodical  wind  that  Lncretios  ascribes  one,  and 
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■pparentlj  the  chief  cause  of  the  riM  and  ezundation  of  the  Nile. 
The  passage  occurs  lib,  ri.  712. 

Nilus  in  aestatein  crescit,  campisque  redundat, 
Unicus  in  If  rris,  ^gypti  totins  amnis : 
If  rff^t  iEf yptum  medium  per  s«pe  calorem, 
Anty  qaia  sunt  estate  aqnilones  ostia  contra, 
'    Anni,  tempore  eo,  qui  Etesi^  esse  femmtor  i 
£t,  contra  flnvium  flantes,  remoranlur ;  et,  nndas 
Cogentes  surgns,  replent,  cogantque  roanere. 
^  Nam,  dubio  procal,  hec  advurso  flabra  ferantur 

Flumine,  quae  gelidis  ab  stellis  axis  agantur: 
Ille  ex  es(ifer&  parte  Tcnlt  amnis,  ab  Amtro 
Inter  nigra  virilm  percorlo  secla  colore 
Exoricns  peoitus  medift  ab  regione  diei. 

The  NiLt  now  calls  as,  pride  of  Egtpt's  plains } 
Sole  stream  on  earth  its  boundVies  that  oVrflows 
Punctual,  and  scatters  plenty.     When  the  year 
Now  glows  with  perfect  summer,  leaps  its  tide 
Broad  o*er  the  champaign,  for  tho>Dorth-wind  now, 
Th*  Etesian  satizE,  against  its  month  direct 
Blows  with  perpetual  winnow  ;  every  surge 
Hence  loiters  slow,  the  total  ciirr'.*nts  i^welU, 
And  wave  o*er  wave  its  loftiest  bank  surmounts. 
For  that  the  fix'd  monsoon  that  now  prevails. 
Flows  from  the  cold  start  of  the  northern  pole 
None  eVr  can  doubt ;  while  rolls  the  Nile  adverse 
Full  from  the  south,  from  realms  of  torrid  heat. 
Haunts  of  the  Etriop  tribes;  yet  far  beyond 
Fish  bubbling,  distant,  oVr  the  burning  line. 

Good. 

3.    Tropical  Land-wind, 

The  island  of  Ceylon,  which  lies  to  the  southward  of  the  Coro. 
mandel  coast,  and  where  the  peninsula  becomes  extremely  narrow, 
partakes  of  both  monsoons,  but  principally  of  the  S.  W.  The 
wind  immediately  on  the  coast,  at  the  commencement  of  this  mon- 
soon, takes  nearly  the  same  direction  as  the  coast  itself.  From 
the  latitude  of  9  to  13  degrees,  the  coast  lies  nearly  N.  N.  E.  and 
S.  S.  W.  and  from  the  latitude  of  15  degrees  to  the  head  ot  the 
gulf  called  Balascore  Roads,  it  runs  almost  N.  E.  and  S.  W.  The 
S.  W.  monsoon  therefore  on  this  coast  blows  at  first  along  shore, 
from  which  cause  it  is  called  the  Long  Shore  Wind.  The  nature 
of  the  soil  on  the  coast  probably  contributes  to  give  it  this  direc- 
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lion  ;  for  the  soil  being,  in  tome  rrtpecd,  like  tbp  liuU  of  Cinlnra 
on  the  coast  uf  Africa,  low  and  sandj,  thp  air  near  tlie  ratth  Bivtt 
contcqueDtly  tie  mucb  ratfAed  under  almust  a  tertical  sun,  ant)  the 
denifr  air,  coming  across  the  Indian  Ocean  or  the  Gntf  of  tiind, 
will  follow  that  diftclion  on  the  const  to  All  up  thp  facuum.  But 
these  winds  continue  only  (o  the  end  of  May  or  the  beginning  of 
June,  when  the  sun  being  necr  the  sumnier  soUlice,  the  hot  land 
WiDd  nn  the  coast  of  Coromandel  roinmence!:,  nnd  runlinues  about 
siz  weeks.  To  understand  the  causes  of  this  surlilen  change,  w* 
must  Again  adrert  lo  Iha  geography  uf  the  rouiitry,  and  COn>id>-r 
the  stale  of  (he  almusphere  at  this  period  on  (he  two  roasts. 

The  southern  part  of  lb<^  peninsula,  from  the  liililude  of  1 6  de. 
jrees  lo  CapoComorin,  may  be  divided  longitudinally  into  three 
parts,  beginning  at  Madras,  which  is  situated  in  the  louj^lude  of 
80"  98' 46"  E,  About  two  degrees  )o  the  westward  of  (hat  meri. 
dian  is  a  range  of  mountains,  forming  the  eastern  boundary  of  the 
Valley  of  BarBmau),  where  the  hiijh  land  of  Mysore  commences, 
commonly  called  (he  Ballagal,  or  country  above  the  Passes.  This 
high  or  table  land  of  Mysore  rises  at  least  3,000  feet  abore  the 
coast  of  Coromaodel,  and  runs  through  the  peninsula  from  N.  la 
S.  nearly  iu  the  longitude  of  78^  degrees.  Two  degrees  farther 
to  the  westward  is  another  range  of  mountains,  which  may  be 
considered  as  the  boundary  of  the  Alalabar  coant ;  and  the  country 
situated  between  these  (wo  meridians,  from  76  lo  78  degrees,  is 
properly  the  country  of  Mysore.  With  this  sketch  of  the  map  of 
the  country  before  us,  and  with  a  recollection  of  Ihe  first  principle 
of  this  hypothesis,  it  will  not  be  ditlicult  to  arrounl  for  the  hot 
land  wind  prevailing  iti  the  Carnatic  during  tlie  months  uf  May  and 
June. 

The  sun's  declination  in  (he  month  of  May  is  between  15  and 
23  degrees  N.;  he  will  therefore  before  the  end  of  this  month  have 
been  vertical  over  all  these  countries,  and  consequently  hare  prn< 
duced  a  considerable  degree  of  heal  in  the  Carnatir  ;  bvt  at  th* 
fame  time  the  double  range  of  mouiilains  to  Ihe  westward  will  hava 
arresltd  the  rIouJa  brought  (hither  hy  the  ^,  \V,  mo^^oon,  and 
made  tlicni  precipitjte  llieir  cunteuls  both  oh  the  Malabar  coast 
and  in  lh<-  Mysum  country.  The  principal  point  of  rarrfactjali 
then,  at  this  season,  will  be  Ihe  Carnatic,  which  may,  as  nsoal, 
be  coDlldered  at  th«  heated  room,  and  the  oeareit  coU  body  (rf 
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air  will  canM  (rom  the  table  land  at  Mysore  to  miun 
brina. 

la  tlw  Camatic,  during  ihe  moitthi  of  May  and  Jiin 
mometer  of  Farrnfaeit  ia  Ihe  sbade  is  generally  ol  90  or  ev«>n  100 
degrees  aoJ  u|iwards,  whilil  near  the  mountains  the  same  kind  of 
l&eriBoaieter  «ill  not  be  more  than  70  or  80  degrees  at  the  u(iuo«t. 
The  cairrol  ol  the  air  then  will  moTe  from  the  mountains  acrots 
(he  Carnaltc  lowaiilt  the  coast  of  Coromandel,  and  of  cuur«e  pro. 
dace  the  hot  land  wiirdi,  but  they  arc  sererely  felt  only  on  the  east 
aide  of  the  Carnatic,  at  a  distance  from  the  Diounlains :  at  Am- 
boor,  aad  «»en  at  Vellore,  which  are  situated  near  thi-m,  tlinsp 
winds  are  nvitbpr  extremely  hoi.  nor  of  long  duration  ;  and  in  the 
narrow  part  of  the  peninsula,  in  Ihe  beautiful  little  proWnce  of 
Coimbalore,  although  so  far  to  the  southward,  in  consequence  of 
tliair  f  tciaily  to  the  hills,  the  inhabitants  are  neier  incommoded  by 
land  winds. 

Tbti  rarefaction  in  the  Carnatic,  and  the  current  of  air  which 
comes  from  the  Ballagat  Mounlains,  and  btowfi  from  the  W.  to  the 
E.  to  6)1  up  Ihe  Taciium,  are  sufficiently  strong  inland  to  counteract 
Ihe  cActi  of  tlie  monsoon  in  this  part  of  the  peninsula;  but  the 
westerly  wind  soon  loses  ill  effect  on  coming  to  the  coui,  for  it 
neviT  «itends  above  one  or  two  leagues  out  (o  sea,  wh>re  the 
S.  W.  monsoon  blows  iocessanlly  at  this  season  of  the  year. 

But  wilhiu  a  mouth  after  the  summer  soUlice,  the  current  uf  tha 
S.  W.  nousooD  begins  to  slacken,  when  the  regular  land  and  sea 
winda  ugi'ia  commence  upon  the  cu.ist  of  Coromandel,  and  continue 
with  slight  variations  for  a  mouth  or  ^ix  weeks.  Towards  the  end 
of  August,  as  the  sun  approaches  Ihe  line,  the  heat  in  Asia  and 
the  cold  ill  Africa  begin  to  ab^ie  :  cunsetjuently  the  monsoon  daily 
becomes  mote  faint,  and  like  the  sUck  water  between  the  flood 
and  ebb  tides,  the  air  in  the  Gulf  of  Uengal  has  little  motion: 
frequently  it  moves  about  in  eddies,  and  after  it  has  fluctuated  be. 
tween  (he  two  monsoons  for  three  weeks,  sometimes  almost  a 
Booth,  being  attended  with  sqoalls  from  different  quarters,  the 
N.  E.  wind  at  length  prerails,  and  like  the  change  of  tides,  mdves 
at  first  with  considerable  rapidity.  Bui  the  tremendous  gales,  or 
tithei  hurricanes,  which  sometimes  blow  in  the  gulf  at  this 
and  bear  down  erery  thing  before  them,  seldom  happen 
Ulte  bqgfiiiog  of  the  muofooo,  nor  does  it  appear  that  they 
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effect  of  a  carrentof  air  like  the  moosoon,  blowing  coostantly  from 
the  same  quarter  for  seieral  mouths,  but  rather  resemble  whirl- 
winds, which  proceed  'principallj  from  some  sudden  change  in  the 
upper  regions  of  the  atmosphere,  and  which,  though  extremely 
Tiolent,  are  merely  local  and  temporary.  But  before  we  conclude 
the  account  of  the  S.  W.  monsoon  in  Hindustan,  it  may  be  proper 
to  observe,  that  this  monsoon  brings  the  yiolent  rains  into  the  pro. 
vinces  of  Bengal  and  Bahar,  which  generally  begin  at  Calcutta 
about  the  middle  of  June,  two  months  after  their  commencement 

to  the  southward  of  the  gulf. 

[^Capper. 

4.   Khumseen. 

The  Arabian  and  Persian  gulfs  are  not  only  separated  by  Arabia, 
but  the  major  part  of  the  former  is  within  the  tropic,  whilst  the 
northern  part  of  it,  like  the  whole  of  the  Gulf  of  Persia,  from 
Muscat  to  Bossora,  is  situated  beyond  the  tropic.  In  comparing 
the  winds  of  these  gulfs,  therefore,  we  must  make  a  distinction 
between  the  northern  and  southern  division  of  the  Arabian  Gulf. 
From  the  entrance  of  the  Straights  of  Babelmandel  to  the  city  of 
Yambo,  the  S.  W.  monsoon  prevails  at  the  same  time  as  it  does  in 
the  Gulf  of  Sind,  that  is  from  April  to  September.  But  from  the 
15th  of  May  to  the  beginning  of  August,  the  S.W.  monsoon  is  ex- 
tended,  or  rather  elongated,  from  Yambo  to  Suez,  notwithstand. 
log  the  latter  is  almost  eight  degrees  beyond  the  tropic.  This  wind 
is  called  by  the  Arabs  the  Khumseen  (CittyX  being  supposed  by 
them  to  precede  the  overflowing  of  the  Nile  about  fifty  days*. 

The  Khumseen  wind  blows  in  the  northern  part  of  the  Arabian 
Gulf,   as  far  as  the  sea.coast  of  the  Delta. 

It  is  very  well  known  that  the  soil  of  Upper,  and  even  of  a 
part  of  Lower  Egypt,  on  one  side  of  the  Arabian  Gulf,  and  of 
Arabia  Petrea  and  Arabia  Deserta  on  the  other,  consists  chiefly  of 
rocks  and  sands.  As  the  sun  approaches  towards  the  solstice,  and 
from  very  obvious  causes,  for  a  month  or  six  weeks  aftewards, 
the  i|tmosphere  over  those  countries  must  be  excessively  rarefied ; 
whilst  this  rarefaction  continues  to  the  northward,  the  air  to  the 
N.  after  the  commencement  of  the  rains,  being  infinitely  more 
C(^d  and  dense,  will  be  impelled  forward  towards  the  N.  to  re- 

*  Hm  reader  will  heoce  observe  tint  the  KhumieeB  Ut>Dooymo«twiliillif 
prodromi,  or  breezes  tbnt  precede  mnd  introduce  the  Etesimn  wind.     EoiToa* 
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store  tli.e  equilibrium,  and  consequently  produce  the  Khumseen 
wind,  which  for  the  same  reason  will  precede  the  OTerfiowing  of 
the  Nile,  and  begio  first  near  the  principal  point  of  rarefaction. 
Bat  as  the  sun  approaches  again  towards  the  autumnal  equinox, 
the  earth  to  the  northward  becomes  cool,  the  Khumseen  ceases  to 
blow,  the  rifer  begins  to  fa! I,  and  the  N.W.  wind  again  com* 
mences,  and  continues  to  blow  all  the  rest  of  the  year. 

It  is  true,  as  was  before  mentioned,  that  almost  the  same  winds 
prerailed  at  the  same  season  in  the  Gulf  of  Persia  as  in  the  north. 
era  part  of  the  Arabian  Gulf  3  but  the  eastern  shore  of  the  former 
being  coiered  with  both  hills  and  forests,  the  Khumseen  will  nei. 
ther  begin  quite  so  soon  in  the  Gulf  of  Persia  as  in  Upper  £gypt 
or  Arabia,  nor  eTen  continue  to  blow  there  with  equal  strength. 

3.  Sirocco* 

This  peculiar  wind,  sometimes  written  Scirocco  and  Sciloco, 
proceeds  in  the  south  part  of  Italy  and  Sicily  from  the  S.E. ;  it 
blows  occasionally  with  great  force  in  the  month  of  July,  but 
sometiaies  commences  faintly  about  the  summer  solstice. 

This  wind  resembles  the  Khumseen,  and  the  land  wind  in  all 
tropical  countries,  not  only  in  its  appearance  and  effects^  but 
likewise  in  the  time  of  its  commencement.  It  must  be  allowed, 
that  it  does  not  blow  in  the  southern  part  of  Europe  without  in- 
termission for  forty  or  fifty  days,  nor  does  it  continue  quite  $0 
long  as  those  winds  do  in  Asia  and  Africa,  but  it  is  eitremely  op. 
pressire  during  the  time  it  lasts,  even  to  the  Sicilians  and  Neapo. 
litans. 

According  to  Mr.Brydone,  the  inhabitants  of  Palermo  do  not 
understand  in  what  manner  to  guard  against  its  effects  so  well  as 
the  natlfes  of  Hindustan  ;  for  the  Sicilians  content  themselves  with 
BsereljT  shutting  their  windows,  and  where  there  are  no  shutters 
they  hang  up  a  wet  blanket  instead  of  them,  which  must  be  yeiy 
soon  dried;  but  the  wiser  Indian  puts  a  curtain  of  grass  before  the 
window  or  door,,  which  he  constantly  wets  on  the  side  exposed  to 
the  wind,  and  thus  by  keeping  up  a  constant  evaporation,  the  aii 
which  passes  into  the  room  is  rendered  perfectly  cool. 

Mr.Kirwan  observes,  that  the  degree  of  cold,  produced  by 
evaporation  when  the  air  is  warmer  than  the  evaporating  surface, 
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ii  much  greater  than  that  which  is  produced  when  the  efaporatiog 
surface  is  the  warmer  of  the  two.  In  this  instance  the  air  withoat 
is  at  119  degrees  eren  in  the  shade,  and  the  evaporating  surface, 
when  frequently  moistened,  not  more  than  75  degrees.  The  most 
opulent  and  luxurious  of  the  Hindoos  make  a  sort  of  hut  of  per* 
fumed  grass,  which  is  kept  constantly  moistened,  and  exposed  to 
the  land  wind,  is  which  they  li?e  at  a  temperature  of  60  degrees 
during  the  extreme  heat  of  the  day,  and  the  continuance  of  the 
land  wind. 

The  Sirocco  has  been  supposed  by  some  people  to  come  from 
the  opposite  coast  of  Africa,  and  by  others  to  be  the  effect  of  snU 
phureous  vapours  from  the  earth ;  if,  however,  it  came  from  the 
continent  of  Africa,  it  would  be  felt  with  great  violence  at  sea,  !■ 
the  channel  of  Malta,  and  on  the  island  itself  ;  but  the  Sirocco  b 
not  felt  at  this  time  on  any  part  of  the  sea  which  separates  Sicily 
from  Africa,  but,  like  the  land  wind  in  India,  it  is  confined  to  the 
shores  on  both  sides,  whilst  the  sea  wind  on  the  southern  shores  of 
£urope,  opposite  to  Africa,  is,  at  this  season,  always  cool  and 
refreshing. 

Mr.  Brydone  observes,  that  the  Sirocco  is  felt  with  moit  ?iOb 
lence  at  Palermo,  situated  on  the  N.W.  side  of  Sicily,  and  on  the 
continent  it  is  infinitely  worse  in  the  interior  of  the  coantrj  near 
Naples^  than  in  the  southern  part  of  Calabria:  these  circen* 
stances  positively  prove,  that  it  is  nothing  more  than  the  air, 
which  acquires  a  considerable  local  degree  of  heat  from  the  surface 
of  the  earth  at  the  hottest  season  of  the  year,  and  in  its  ascent  is 
impelled  forward  by  the  S.  E.  wind,  so  as  to  acquire  additional 
heat  as  it  proceeds  towards  the  N.W.  side  of  the  island. 

This  progressive  accumulation  of  heat  from  the  land,  during  the 
Sirocco,  may  be  ascertained  by  a  person  heating  a  piece  of  paper 
before  the  fire,  and  running  the  end  of  his  finger  along  the  heated 
paper ;  at  first  it  will  appear  only  warm,  but  as  the  finger  pro- 
ceeds, and  accumulates  the  heat  of  that  part  of  the  paper  over 
which  the  finger  passes,  it  will  at  length  become  so  hot  as  to  bt 
painful.  [W. 

6.    Long»shore  Wind, 

This  is  a  kind  of  monsoon  peculiar  to  the  coast  of  the  island  of 
Ceylon,  blowing  from  the  south-west.  We  have  hence  already 
sufficiently  described  it  under  the  article  Monsoons.  Editor. 
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7.  t^mmd  mmd  Sf»  Brefzet. 
WNEStWeatlh  bcgiiu  to  be  liolentl^  heated  in  the  course  of  (h« 
iir,  tWnrrfi«d  air  tcend*,  and  lh«  cooler  air  from  the  sea  comes 
in  Is  npplf  iti  place;  bat  ihe  eihalalians  raiaed  daring  the  da]r 
•R  coadMiWd  i*  ibe  nwl  of  the  eteniog,  iluring  (he  absence  of  Ih* 
•■n,  awl  blUa;  do«n  in  copious  dews  refresh  the  earth,  when  th« 
Wm  bccoBct  *anne«t,  and  the  current  of  air,  a  few  hours  afier 
WB-wt,  g»es  from  the  land  to  the  sea,  and  producer  what  is  called 
A*  bad  wind.  It  roust  be  remember^,  that  these  alternate  land 
Mid  aca  l>re«iei  do  not  take  place  until  some  lime  after  the  chang* 
if  each  OMOSOOD,  when  if«  strength  begins  to  abate  ;  for  at  til* 
CHBiaeDcetiK-Dt  of  either,  the  monsooii  itaelf  blows  incessanlljr  for 
•  Bontli  or  fife  weeks  immediately  on  the  coail,  and  continues, 
«itib  trifling  detiilions  from  the  N.£.  or  S.W.  according  to  the 
nspectiTc  seasons.  Nor  do  the  laud  or  sea  breezes  at  any  tim* 
ertend  above  three  or  four  leagues  from  the  shore. 

Mr.  Clare,  in  his  Treatise  on  the  Motion  of  Fluids,  shows  tb* 
Onaeofthete  breezes  by  an  easy  and  familiar  experiment.  ''  Take,'* 
he  layf,  >*  a  large  dish,  fill  it  with  cold  water,  and  icitu  the  middle 
«f  Ibii  put  a  water-plate  filled  with  warm  water:  the  fir^t  will 
repnwnt  the  ocean,  the  latter  an  island,  rarefying  the  air  abora 
it.  Blow  out  a  wax  candle,  and  if  the  place  be  still,  on  appljr. 
ing  it  successively  lo  erery  side  of  the  dish,  the  fuliginnus  pariiclet 
af  the  spoke,  being  visible  and  very  lif;hl,  will  be  seen  to. mora 
towards  the  diih,  and  rising  over  it,  point  out  the  courte  of  iba 
air  from  sea  to  land. 

*'  Again,  if  the  ambient  water  be  warmed,  and  the  dish  filled 
with  cold  water,  when  the  smoking  wick  of  the  candle  be  held 
BTPT  Ihe  centre  of  the  plate,  the  contrary  will  happen,  and  show  tba 
course  «f  the  wind  from  land  tu  sea." 

Dnriog  the  continuance  of  the  land  and  sea  breeies  on  the  coast! 
of  Coromandcl  and  Malabar,  both  in  the  N.  E.  and  S.W.  mi 
woiu,  the  wind  on  shore  seems  regularly  to  follow  Ihe  course  of 
Ihe  sua,  and  parses  rery  perceptibly  round  every  point  of  tha  . 
compass  in  (wenlyJour  hours. 

I'hese  winds  blow  constanlly  erery  year  on  the  coast  of  Cora>.  ^ 
nandel  to  the  latter  end  of  January,  and  continue  during  Fe.  ., 
faruarj  and  to   the  beginning  of  March,  subjett  lo  mty  slight 
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TariatioDS ;  bat  as  the  sun  approaches  towards  the  Temal  eqoiooi, 
the  winds  again  become  yariable  for  some  days,  as  they  were 
about  the  autumnal  equinox,  until  his  declination  is  upwards  of 
seTen  degrees  N.  when  the  S.W.  monsoon  sets  in,  and  often  en 
the  south  part  of  the  coast,  with  considerable  riolence.  This 
change  or  re6ux  of  air  appears  to  be  put  in  motion  by  the  sane 
means  as  that  which  comes  from  the  opposite  quarter ;  for  as  tiie 
sun's  altitude  increases  daily  in  the  northern  hemisphere,  the  ex* 
tensiTe  body  of  land  in  the  N.E.  part  of  Asia  must  become  rauch 
hotter  than  the  ocean,  and  consequently  a  considerable  degree  of 
rarefaction  will  be  produced  over  that  part  of  the  continent,  whilst 
at  the  same  season  an  immense  body  of  cold  air  will  eonie  both 
from  the  Indian  Ocean  and  the  continent  of  Africa,  in  tlie  sonthm 
hemisphere,  to  restore  the  equilibrium.  The  principal  tract!  of 
land  of  different  temperatures  on  the  two  continents,  bearing  ftry 
nearly  N.E,  and  S.W.  of  each  other,  will  therefore  become  Met* 
nately  the  two  opposite  extreme  points  of  rarefaction  and  cosdea* 
sation,  and  necessarily,  according  to  this  theory,  be  the  irameAate 
causes  of  the  N.E.  and  S.W.  monsoons. 

^Copper. 

8.  JJarmattan. 

Drawn  up  bj  Dr.  Dobiou,  from  Mr.  Norria^s  Coramuoicalloiifl. 

'l}iiE  harmattan  is  a  periodical  wind,  which  blows  from  the  rote* 
rior  parts  of  Africa  towards  the  Atlantic  Ocean,  and  powcmei 
such  extraordinary  properties,  as  to  merit  the  attention  of  tin 
naturalist,  making  a  curious  and  important  article  In  the  hiftofj 
and  theory  of  the  winds, 

Ou  that  part  of  the  coast  of  Africa  which  lies  between  Caps 
Verd  and  Cape  Lopez,  an  easterly  wind  prerails  during  Decenber, 
January,  and  February,  which  by  the  Fantees,  a  nation  on  tht 
Gold  Coast,  is  called  the  harmattan.  Cape  Verd  is  in  15^  N.  hrfi- 
4ude,  and  Cape  Lopez  in  1°  S.  latitude,  and  the  coast  betwsca 
these  two  capes  runs,  in  an  oblique  direction,  nearly  W.  S.  W.to 
£.  S.  E.  forming  a  range  of  upwards  of  3100  miles.  At  the  Isles 
de  Los,  which  are  a  little  to  the  northward  of  Sierra  Leone,  aad 
to  the  southward  of  Cape  Verd,  it  blows  from  the  E.  S.  E.  on  At 
Crold  Coast  from  the  N.  E.  and  at  Gape  Lopez  and  the  riref 
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GftboD,  ffooi  tke  N.  N.  E.    This  wiod  is,  by  the  French  and  Por. 
tofscse  who  fireqaent  tlM  Gold  Coast,  called  the  N.  £.  wind,  the 
qaaiter  ftom  which  it  blows.    The  English,  who  sometimes  bor- 
row words  and  phras<^8  from  the  Fantee  laogoage,  which  is  lesa 
gpttoral  and  more  harmonioas  than  that  of  their  neighbonrs,  adopt 
the  Faotee  word  harmattan.     The  harroattaa  comes  on  indiscrimi* 
oalely,  at  aaj  hoar  of  the  day,  at  any  time  of  the  tide,  or  at  any 
ptfiod  of  the  moon,  and  continues  sometimes  only  a  day  or  two, 
soaetiflBes  fire  or  six  days,  and  it  has  been  known  to  last  fifteen  or 
Mieeii  days.    There  are  generally  three  or  four  returns  of  it  e? ery 
mmmm*     It  blows  with  a  moderate  force,  not  quite  so  strong  ai 
the  see  breexe,  which  e? ery  day  sets  in  daring  the  fair  season  from 
the  W.,  W.  S.  W.,  and  S.  W. ;  bat  somewhat  stronger  than  the 
nd  at  Bight  from  the  N.,  and  N.  N.  W. 
1.  A  log  or  haze  is  one  of  the  peculiarities  which  always  accom. 
the  harmattan.    The  gloom  occasioned  by  this  fog  is  so 
gteet,  ae  sometimet  to  make  e¥eo  near  objectt  obscure.     The 
Ewglish  fert  at  Whydah  stands  about  the  midway  between  the 
Fieach  aad  Portugaese  forts,  and  not  qoite  a  quarter  of  a  mile 
from  either,  yet  Tery  often  from  it  neither  of  the  other  forts  caa 
be  diseof  ered.    The  son,  concealed  the  greatest  part  of  the  day, 
appears  oaly  for  a  few  hoars  about  noon,  and  b  then  of  a  mild 
red,  exciting  no  painful  sensation  on  the  eye.     The  particles 
which  ooostitote  the  fog  are  deposited  on  the  grass,  the  leaves  of 
tretay  aad  even  on  the  skin  of  the  negroes,  so  as  to  make  them  ap- 
pear whitish.    They  do  not  flow  far  over  the  sorlsce  of  the  sea :  at 
two  or  three  miles  distance  from  the  shore  the  fog  b  not  so  thick 
ea  oa  the  beech ;  and  at  foar  or  five  kegoes  distaoee  it  b  entirely 
lest,  thoagh  the  harmattan  itself  b  plainly  felt  for  tea  or  twelve 
Itagacs,  aad  blcnrs  fresh  eaoogh  to  alter  the  coarse  of  the  correat. 
tm  Extreaie  dryness  makes  another  eztraordinary  property  of 
thb  wind.    No  dew  fiUb  daring  the  eontioaaaee  of  the  henaattaa ; 
aor  b  there  the  least  appearance  of  moistare  ia  the  ataMsplMre. 
FegetaUes  of  every  kiad  are  very  mach  iajercd;    all  tender 
piaats,  aad  most  of  the  prodactioaa  of  the  gardea^  are  destroyed  ; 
the  grass  vitherSy  aad  beceaws  dry  like  hay  ;  vi^ofoas  ever^greeo^ 
Kkewiie  feel  its  pemidoas  uiaeace;  the  braachee  of  the  lemon, 
aciay,  and  liaie  trees  droop,  the  leaves  become  iaectd,  wither, 
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and|  if  the  harmattan  continues  to  blow  for  ten  or  twelre  dsyt^ 
are  so  parched  as  to  be  easily  rubbed  to  dust  between  the  6ngers ; 
the  fruit  of  these  trees,  depri? ed  of  its  nourishment,  and  stinted 
hi  its  growth,  only  appears  to  ripen,  for  it  becomes  yellow  and 
dry,  without  acquiring  half  the  usual  size.  The  natires  take  thb 
opportunity,  of  the  extreme  dryness  of  the  grass  and  young  tretf| 
ta  set  fire  to  them,  especially  near  their  roads,  not  only  to  keep 
the  roads  open  to  tra? ellers,  but  to  destroy  the  shelter  which  long 
grass,  and  thickets  of  young  trees,  would  afford  to  skulking  par« 
ties  of  their  enemies.  A  fire  thus  lighted  flies  with  such  rapidity 
as  to  endanger  those  who  trarel, :  in  that  situation  a  coiim^ 
method  of  escape  is,  on  discoyering  a  fire  to  windward,  to  set  the 
grass  on  fire  to  leeward,  and  then  follow  your  own  fire.  Thert 
are  other  extraordinary  eftects  produced  by  the  extreme  dryness  of 
the  harmattan*  The  corers  of  books,  eren  closely  shut  op  in  a 
trunk,  and  lying  among  clothes,  are  bent  as  if  they  bad  been 
exposed  to  the  fire.  Household  furniture  is  also  much  damaged: 
the  pannels  of  doors  and  of  wainscot  split,  and  any  veneered  work 
flies  to  pieces.  The  joints  of  a  welUlaid  floor  of  seasoned  wood 
opened  sufficiently  to  lay  one's  finger  in  them ;  but  become  as 
close  as  before  on  the  ceasing  of  the  harmattan.  The  searoi  alw 
in  the  sides  and  decks  of  ships  are  much  injured,  and  the  ships 
become  ? ery  leaky,  though  the  planks  are  two  or  three  iochei  la 
thickness.  Iron-bound  casks  require  the  hoops  to  be  frequently 
driren  tighter ;  and  a  cask  of  rum  or  brandy,  with  wooden  hoopS| 
can  scarcely  be  preserved  ;  for,  unless  a  person  attends  to  keep  it 
moistened,  the  hoops  fly  off*. 

The  parching  effects  of  this  wind  are  likewise  e? ident  on  tkt 
external  parts  of  the  body.  The  eyes,  nostrils,  lips,  and  palate, 
are  rendered  dry  and  uneasy^  and  drink  is  often  required,  not  so 
much  to  quench  thirst,  as  to  remove  a  painful  aridity  in  the  fiiuces. 
The  lip»  and  nose  become  sore,  and  even  chapped ;  and  thoogh  the 
air  be  cool,  yet  there  is  a  troublesome  sensation  of  prickling  heat 
00  the  skin.  If  the  harmattan  continues  four  or  five  days,  tbs 
scarf  skin  peels  off,  first  from  the  hands  and  face,  and  afterwardi 
from  the  other  parts  of  the  body,  if  it  continues  a  day  dr  twd 
longer.  Mr.  Norris,  who  frequently  visited  the  coast  of  Africa^ 
observed,  that  when  sweat  was  excited  by  excercise  on  thoie  parts 
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which  were  covered  by  liis  clothrs  from  the  weather,  it  was  p«ca. 
liarly  Bcrid,  and  ts»ri^,  od  applying  hi:*  tongue  lo  his  arni,  some, 
thing  like  spirit  of  harl's.bora  ililuled  with  water. 

Aa  the  sratc  of  salt  of  tartar  plared  in  the  opcD  air,  and  th« 
quantity  evaporalcd  from  a  girnn  surface  of  water,  are  obvioui 
proofi  of  the  comparative  moisture  or  drynesi  of  Ihe  atmosphere, 
Mr.  Norris  put  the  harmittati  to  carh  of  these  tests  ;  aoJ  particu. 
Ufly  to  moislin  salt  of  tartar  ail  ileliquluni,  and  exposed  it  to  the 
nigbt  air  during  the  time  that  the  harmaltan  was  blowing;.  The 
follawing  is  the  accoant  of  the  tl'suII  of  these  experiments.  Salt 
of  tartar  will  not  only  remain  dry  during  the  niglit  as  well  as  iu 
the  day,  but  when  liquefied  so  as  to  run  on  a  lile,  and  ciposed  lo 
the  harmattan,  becomes  perfectly  dry  in  two  or  three  hours;  and, 
eRpos«>d  in  like  manner  to  the  night  air,  will  be  dry  before 
Dwming. 

It  appears,  from  experiments  made  by  Mr.  Morris,  that  if  the 
evaporation  of  the  whole  year  be  supposed  lo  go  on  in  the  same 
proportion  with  what  occurred  iliiriug  a  short  and  rery  moderate 
return  of  the  harmaltan,  the  annual  harmattan  eraporalion  woald 
bf  133  inches  ;  and  if  the  calculation  was  made  in  proportion  to  the 
eraportioQ  which  occurs  during  a  longer  visit  from  the  harmattan, 
and  m  otore  forcible  breeze,  the  annual  harmattan  evaporation 
would  be  much  more  considerable.  If  ihe  annual  evaporation  be 
in  like  manner  calculated,  in  proportion  to  (he  evaporation  which 
took  pUce  subsequent  to  anil  preceding  the  harmattan,  the  annual 
evaporation  at  Whydah,  nii  the  Gold  Coast,  would  be  Ql  inches, 
and  be  had  found  Ihe  annual  evaporation  at  LiTpqiofd  to  be  36 
incbrfl.  These  three  Iherefore  are  in  the  following  proporlion  ; 
barmatian  1 33  inchi-s,  Whydah  64  inches,  and  Liverpool  36  inches. 

S.  Salubrity  forms  a  third  peculiarity  of  the  harmaltan.  Though 
Uibwind  is  so  very  prejudicial  lo  vegetable  life,  and  occasions  such 
diiaj[recable  parching  effects  on  the  human  species,  yet  it  is  highly 
condocite  to  health.  Those  labourini;  under  fluies  and  intermit- 
ting  ferrrs  generally  recover  in  an  harmattan.  Those  weakened 
by  fevrri,  and  sinking  under  evacuntions  for  the  cure  of  them, 
perticnlarly  bleeding,  which  is  often  injudiciously  repeated,  have 
their  lives  saved,  and  vigour  restored,  in  spile  of  tlie  doctor.  It 
■top  tbe  progress  of  epidemics  :  the  small-pox,  remittent  fevers, 
l$cO«t  Bp^  disappear,  but  those  labouring  under  these  diseases, 
«3 
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when  an  harmtttan  comes  on,  are  almost  certain  of  a  speedy  re* 
corery.  Infection  appears  not  then  to  be  easily  communicated 
eren  by  art.  In  the  year  1770  there  were  on  board  the  Unity,  at 
Whydah,  abore  *00  slares ;  the  small.pox  broke  out  among  them, 
and  it  was  determined  to  inoculate ;  those  who  were  ioocnlated 
before  the  harmattan  came  on,  got  rery  well  through  the  disease. 
About  70  wete  inoculated  a  day  or  two  after  the  harmattan  set  lo; 
but  not  one  of  them  had  either  sickness  or  eruption.  It  was 
imagined,  that  the  Infection  was  effect oally  dispersed,  and  the  ship 
clear  of  the  disorder ;  but  in  a  Tcry  few  weeks  it  began  to  appear 
among  these  70.  About  50  of  them  were  inoculated  the  sc-cond 
time ;  the  others  had  the  disease  in  the  natural  way :  an  harmtttaa 
came  on,  and  they  all  recorered,  except  one  girl,  who  had  as 
ugly  ulcer  on  the  inoculated  part,  and  died  some  time  afterwards 
of  a  locked-jaw.  Mr.  Norris  dissents  from  Dr.  Lind,  who  spetki 
of  the  harmattan  as  ^^  fatal  and  malignant ;  that  its  noxioiii  fa- 
poors  are  destructire  to  blacks  as  well  as  whites ;  and  tliat  tte 
mortality  which  it  occasions  is  in  proportion  to  the  density  and 
duration  of  the  fog."  The  baneful  effects  here  pointed  out  pco* 
ceed  from  the  periodical  rains  which  fall  in  March,  April,  &c.  and 
which  arc  ushered  in  by  the  tornados,  or  strong  gusts  of  wind 
from  the  N.  E.  and  E.  N.  E.  accompanied  with  violent  thunder 
and  lightning,  and  ? ery  heary  showers.  The  earth,  drenched  by 
these  showers  and  acted  on  with  an  intense  solar  heat  as  soon  as 
the  storm  is  o? er,  sends  fbrth  such  noisome  Tapours  as  strike  the 
nostrils  with  a  most  oflfensire  stench,  and  occasion  biliooi  TOBiit* 
ings,  fluxes,  and  putrid  fevers.  Besides  these  vapours,  which  are 
annual,  there  appears  to  be  a  collection  of  still  more  pestiferous 
matter,  confined  for  a  longer  time,  and  issuing  from  the  earth 
after  an  interval  of  five,  six,  or  seven  years.  There  may  indeed 
be  instances  in  which  the  harmattan  comes  loaded  with  the  efBuvia 
of  a  putrid  marsh ;  and  if  there  are  any  such  situations,  the  nature 
of  the  wind  may  be  so  changed  as  to  become  even  noxious. 

« It  appears  that,  except  a  few  rivers  and  some  lakes,  the  conntiy 
about  and  beyond  Whydah  is  covered  for  400  miles  back  withver> 
dure,  open  plains  of  grass,  clumps  of  trees,  and  some  woods  of 
no  considerable  extent.  The  surface  is  sandy,  and  below  that  a 
rich  reddish  earth ;  it  rises  with  a  gentle  ascent  for  150  miles  from 
the  sea  before  there  is  the  appearance  of  a  hill,  without  aflbfdiof 
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a  stome  of  the  liie  of  a  waloat.  Beyond  these  hills  there  is  no 
accoDot  of  anj  great  ranges  of  monntains.  With  respect  to  the 
origin  of  this  wind,  Mr.  Norris  says,  ^'  the  harmattan,  according 
to  Dr,  Lind,  arises  from  the  conflux  of  sereral  rirers  about  Benin  ; 
bat  when  1  was  on  a  Yisit  to  the  king  of  Dahomey,  1^0  miles 
north,  or  inland  from  the  fort  at  Whydah,  I  there  felt  the  har- 
nattan  blowing  from  the  N.  E.  stronger  than  1  hare  at  any  other 
tine,  though  Benin  then  bore  from  me  S.  E.*'  On  this  head 
Mr.  Norrb  makes  the  following  conjecture  :  ^<  The  intersection  of 
three  lines,  vis.  an  east  line  drawn  from  Cape  Verd,  a  north-east 
oae  from  the  centre  of  the  Gold  Coast,  and  a  north  line  from  Cape 
Lopez,  whould  point  ont  a  probable  source  of  this  extraordinary 
wiad*"  Three  lines,  drawn  according  to  the  direction  of  Mr. 
N^rrit,  towards  the  points  of  the  compass  from  which  the  har* 
Mows  on  Cape  Verd,  the  Gold  Coast,  and  Cape  I^pex, 
▼ergo  to  a  part  of  Africa  about  the  15th  degree  of  north  lati. 
t«do,  and  the  95th  degree  of  east  longitude,  which  is  that  part  of 
Afirloa  where,  according  to  Ptolemy,  the  mountains  of  Caphas  are 
aitnated.  From  these  mountains,  according  to  the  same  authority, 
the  lifer  Daradus  arose,  supposed  by  some  to  be  now  the  river 
gcnigli.  It  may  be  conjectured,  that  the  disagreeable  Levant 
wind  of  the  Mediterranean  proceeds  from  the  same  part  of  the 
continent  of  Africa  ;  for  it  preyails  during  the  same  season  of  the 
I  and  may  derive  its  qualities  from  the  surface  over  which  it 


Tlie  Fantees  have  given  the  name  of  harmattan  to  one  of  the 
seasons  into  which  they  divide  their  year.  Aherramantab, 
or  tlie  harmattan,  extends  from  the  1st  December  to  the  middle  of 
Fcbmaty,  about  ten  weeks.  Quakorah,  a  wind  up  the  coast, 
Ami  S.S.W.  to  S.S.  E.  from  the  middle  of  February  to  the  first 
«nek  in  March,  about  three  weeks.  Pempina,  or  tornado  season, 
part  of  March,  all  April,  and  the  greatest  part  of  May,  about 
IwoIto  weeks.  Abrenama,  or  the  old  man's  and  woman's  chil. 
diMi  that  is,  the  Pleiades,  the  rainy  season,  the  latter  end  of  May, 
aD  June,  and  to  about  the  20th  of  July,  eight  weeks.  Atukogan, 
or  fre  stars,  that  is,  Orion,  high  wind  and  squally,  the  rains  very 
Imkvj,  to  the  middle  of  August,  three  weeks.  Worrobakorou, 
or  one  star,  the  ceasing  of  the  rains,  about  three  weeks.  Mawnr- 
lah,  the  name  of  a  certain  star ;   close  foggy  weather,  and  no 
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breeze,  the  first  three  weeks  in  Septenil>er.  Boutch,  no  land 
br««ze  in  this  season,  the  wind  blows  fresh  down  the  coast,  about 
six  weeks.  Autiophi,  or  the  croziers;  tornados  and  soatherlj 
wind,  with  some  rain,  generally  called  the  latter  rains,  about  four 
weeks,  to  the  beginning  of  December,  when  the  Aherramantah 
season  again  commences. 

IPhil.  Trans.  Ahr.  1781. 

SECTION    V. 

Topical  or  Toral  winds* 
1.  Samiel  or  Sum^eL 

The  Sumyel,  strictlj  speaking,  should  rather  be  considered  as 
an  Asiatic  than  an  African  wind ;  for  although  it  is  said  to  prerail 
to  the  eastward  of  Belud.uUGerid,  and  the  Libyan  Desert^  it  is 
felt  with  its  greatest  force  on  the  great  Desert  of  Arabia,  and 
sometimes  in  countries  bordering  on  the  Gulf  of  Persia.  On*the 
deriration  of  the  term  authors  are  Tery  much  diTided^  bat  tliey 
all  agree  respecting  its  appearance  and  efiects. 

Mr.  Volney  seems  to  consider  the  Sumyel  the  same  as  the 
Khumseen,  and  he  calls  it  the  Shamyala,  supposing  the  name  to  be 
derived  from  Sham,  the  country  of  Syria. 

But  I  am  rather  disposed  to  adopt  the  deriTation  of  Sir  J.  Char* 
din,  Yely  Turkish,  wind,  and  Sum^  Arabic,  poison,  particularly 
as  the  Persians  likewise  call  it  Bad  Samouro,  which  is  precisdy 
the  same  signification,  poisonous  wind.  Nor  should  this  wind  be 
confounded  with  the  Khumseen  and  Scirocco,  which  proceed  from 
the  same  cause,  and  are  exactly  the  same  in  appearance  and  dnnu 
tion  as  the  land  wind  of  India.  The  two  latter  blow  for  seven  or 
eight  weeks,  at  the  latter  end  of  May,  all  June,  and  part  of  Jnlyi 
in  almost  ail  inland  countries  situated  within  and  near  the  northern 
tropic ;  but  the  natives  of  those  countries  in  general  do  not  esteem 
these  hot  winds  particularly  unwholesome^  whereas  the  Sumyel 
blows  only  occasionally,  and  is  a  transient  pestiferous  current  of 
air  containing  a  deleterious  gas,  that  in  its  passage  always  (MOTes 
fatal ^th  to  man  and  beast.  It  is  true,  that  the  Sumyel  in  one 
respect  resembles  the  Khumseen,  for  it  generally  appears  daring 
the  hottest  time  of  the  year,  but  the  gusts  of  it  are  merely  local 
fuad  instantaneous. 
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The  air  oa  the  N.  W.  side  of  ihe  Dei^^rl  of  Arabu,  whence  the 
^umjd  comet,  sMumea  for  some  miDotei  before  it  is  felt  a  dmlcy 
kue.  It  moTe)  with  considerable  Telocity,  and  is  accoDipanied 
with  K  hissing  noise.  Those  who  are  altacked  by  this  nind  are 
gpneralljr  destroyed.  Some  perioo)  honerer  have  escaped  its 
dreadful  effects,  itho,  on  perceiving  its  approacb,  have  thrown 
thetDSelvei  prostrate  on  the  ground,  and  envi-lopcd  their  heads  in 
miny  folds  of  cloth,  or  those  who  have  put  their  faces  close  to  the 
ground  in  the  dust  until  it  has  passed.  Camels  are  said  to  be 
sensible  oT  its  approach,  and  take  this  method  of  their  own  accord 
to  avoid  its  fatal  elfects.  Sir  J.  Chardin  observes  likewiiie,  that 
persons  who  are  killed  by  it  are  not  much  changi-d  in  external 
appearance,  bat  that  their  limbs  are  very  easily  separated  from  the 
body. 

A  farther  thouf^h  not  a  belter  account  of  this  wind  has  also  beea 

published  in  the  Annual  Register,  Vol.  IX.  taken  from  the  rrlalion 

of   Mr.  Vanderhulse,    who  was  long  resident  for  the   Dutch  at 

Orous,  and  who  came  from  thence  to  Bombay  in  the  yi^ar  1763. 

QCapper. 

2.  Simoom. 

This  seems  to  be  little  more  than  a  variety  of  the  Samiel ;  and 
the  term  itself  may  indeed  be  derived  from  the  same  root.  It  is 
described  by  Mr.  Bruce  as  an  excessively  hut  wind  peculiar  to  Ihe 
coantryof  Abyssinia,  lie  frequently  felt  its  influence  ;  once  h  hen 
be  and  bis  company  were  on  their  way  to  Itascid,  uhm  they  becamt 
so  enervated,  and  their  stomachs  so  wvak,  wiih  such  violent  head- 
•cbs,  that  they  were  incapable  of  pitching  their  tents;  but  each 
wrapping  himself  in  his  cloak,  resigned  himself  immediately  to 
sleep.  On  Ihe  13th  of  October,  when  at  Chendi,  to  u.se  his  own 
words,  "  the  poisonous  simoom  blew  as  if  it  came  from  an  oven  ; 
our  eyes  wrre  dim,  our  lips  cracked,  our  knees  loitering,  our 
tbroalB  perfectly  dry,  and  no  relief  was  found  from  drinking 
an  immoderate  quantity  of  water.  The  people  advised  me  to  dip 
a  sponge  in  vinegar  and  water,  holding  it  before  my  mouth  and 
no*e,  and  Ihis  greatly  relieved  me."  Mr.  Bruce  does  not  say  from 
what  quarter  the  limoom  blows.  [EoiTOii/roin  Brv>~e:- 
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3.  Alittral  or  Circius^  and  Auiun. 

The  wind  known  in  Profence,  under  the  name  of  Mistral  or 
Circus,  comes  from  the  Alps  to  the  N.W.  It  is  supposed  to  con. 
tribute  greatly  to  the  sralubrity  of  the  air^  by  dispelling  the  Tapoun 
from  the  marshes  and  stagnant  waters  in  the  southern  parts  of 
Pro?ence  and  Langucdoc,  where  also,  as  Mr.  de  Saussure  ob- 
serres,  ft  subjects  the  inhabitants  to  great  inconrenience,  and  somf. 
times  to  considerable  losses. 

This  excellent  philosopher  imputes  it  to  three  causes  : 

First,  The  situation  of  the  Gulf  of  Lyons,  which  is  terminated 
by  a  sort  of  tunnel  formed  by  the  AJps  and  the  Pyrenoees,  and 
whose  sides,  therefore,  are  the  principal  scenes  of  its  ravages.  AH 
the  winds  between  the  N.  and  the  W.  are  united  in  this  gulf, 
which  by  Aulus  Gellius  is  called  Circius.  (Lib.  IL  cap.  n* 
See  also  Pliny,  (Lib.  II.  46.) 

The  second  is,  that  this  gulf,  being  to  the  S.  is  lower  and 
warmer  than  the  parts  adjacent,  and  as  the  inferior  current  of  air 
goes  always  from  the  cold  to  the  warm  point,  the  Gulf  of  Lyons 
roust  necessarily  be  the  centre  of  rlolent  winds,  both  from  the  E. 
and  the  W. 

The  third  cause  is  nearly  included  in  the  two  preceding. 

In  opposition  to  the  Mistral,  another  singular  wind  blows  frooi 
the  east  or  south-east,  which  is  called  auiun.  It  is  first  peroeiTed 
near  Narbonne,  and  at  Castlenaudari  is  yery  violent :  tfab  wind, 
which  is  hot,  produces  head-achs,  with  loss  of  appetite,  and  seens 
to  swell  the  whole  body.  In  the  eastern  part  of  Langnedoc  il 
frequently  felt  a  cold  and  very  strong  north  wind,  which  follows 
the  course  of  the  Rhone,  in  the  yalley  through  which  it  runsi  from 
north  to  south,  and  is  called  biscy  or  black.  Sometimes,  in  direct 
opposition  to  the  latter,  blows  a  sea.wind,  which  is  asually  accom* 
panied  with  a  drizzling  rain ;  but  when  dry,  has  the  same  oiorbM 
effects  as  the  auiun  in  Upper  Languedoc ;  beside.  In  the  heat  4tf 
summer,  from  the  coast  of  Leucate  to  the  Rhone,  •ea.brtefes 
constantly  set  in,  at  nine  or  ten  o'clock  in  the  morning,  and,  to 
the  great  refreshment  of  the  air,  last  till  about  five  in  the  erening. 
Lastly,  it  is  also  obsenrable,  that  at  the  foot  of  the  Pyr^nneei, 
near  the  Tillage  of  Bland,  in  a  narrow  valley,  wholly  enyironed 
with  mountains,    except  towards  the  north.west,  and  through 
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TSriovs  clmnn^ls  two  or  three  hondr^d  paces  wide,  blows  a  very 
cold  w<>st,  or  north. west  wind,  which  prevails  chiefly  in  the  sam. 
■er,  mod  then  only  at  ni^ht.  In  clear  warm  weather  this  wind  is 
noch  brisker  than  in  a  dense  cold  atmosphere.  In  summer  it 
cools  the  wlM>le  valley,  and  in  winter  prevents  boar  frost ;  and  as 
il  blows  only  io  the  night  the  inhabitants  of  the  village  of  Bland 
can  winnow  their  com  at  no  other  time. 

£ditor /rom  De  Saussure, 

SECTION    VI* 

Oeemiionai  Winds :  as  Hurricanes^  Tempests,  Tornados^  and 

Whirlwinds. 


1.  Hurricanes  of  the  West  Indies,  and  their  Causes,  in   a 
Communication  from  Capt,  Langford  to  Mr.Bonavert. 

It  has  been  the  custom  of  oor  Englbh  and  French  inhabitants 
of  tfat  Curibee  islands  to  send  about  the  month  of  June,  to  the 
native  Ceriliees  of  Dominico  and  St.  Vincent,  to  know  whether 
there  woald  be  any  hurricanes  that  year  ;  and  about  ten  or  twelve 
dmj%  before  tiie  hurricane  came,  they  would  constantly  send  them 
word  ;  end  it  very  rarely  was  erroneous,  as  I  have  observed  in 
ire  hnrricanes,  in  the  years  1667,  1658,  1660,  1665,  and  1667. 
Pron  one  of  these  Indians,   I  had  the  following  prognostics : 

1.  AU  hurricanes  come  either  on  the  day  of  the  full,  change,  or 
foniierfl  of  the  moon.  %  If  it  be  to  happen  on  the  full  moon, 
oteerve  these  signs,  during  the  change  :  the  skies  will  be  turbu- 
lent, the  sun  redder  than  usual,  a  great  calm,  and  the  hills  clear 
ef  clouds  or  fogs  over  them,  which  in  the  high  lands  are  seldom  so: 
likewise  in  hollows,  or  concaves  of  the  earth,  or  wells,  there  will 
be  a  great  noise,  as  of  a  storm,  and  at  night  the  stars  will  look 
very  large  with  burs  about  them,  and  the  north  west  sky  very 
Uack  and  foul,  the  sea  smelling  stronger  than  at  other  times ;  and 
sometimes  for  an  hour  or  two  of  that  day  the  wind  blows  very  hard 
weelerly  out  of  its  usual  course.  On  the  full  of  the  moon  you  have 
the  same  signs^  with  a  great  bur  about  the  moon,  and  frequently 
about  the  sun.  The  same  signs  must  be  observed  on  the  quarter 
days  of  the  moon,  in  July,  August,  and  September ;  the  months 
when  the  hurricanes  are  most  prevalent ;  thf?  earliest  I  ever  heafd 
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of,  was  the  25th  of  July,^  and  the  latest  the  8th  of  September; 
but  the  usoai  month  is  \ugast. 

The  method  of  SToidiog  the  danger  is  to  keep  the  ship  sailablei 
with  good  store  of  ballast,  the  ports  well  barred  and  caolked,  tha 
top-masts  and  tops  down,  the  yards  laced  a-port,  keeping  the 
doors  and  windows  of  the  ship  fast,  and  she  will  lie  as  well  at  in 
other  storms  ;  thus  the  ship  being  in  readiness,  they  may  stay  io 
the  road  till  the  storm  begins,  which  is  always  first  at  north,  so  to 
the  north.west,  till  it  comes  round  to  the  southeast,  and  then  its 
fury  is  orer.  So  with  the  north  wind  they  may  ran  away  to  tht 
sooth,  to  get  themselves  sea-room,  for  the  drift  of  the  south- west 
wind,  where  it  blows  very  fiercely.  By  these  means,  I  ha?e,  by 
God's  blessing,  preserved  myself  in  two  hurricanes  at  sea,  andio 
three  at  shore,  greatly  to  my  advantage,  as  I  lost  not  a  tail,  yard| 
or  mast  in  two  great  hurricanes. 

The  causes  of  these  hurricanes,  according  to  experimental  db» 
servations  of  my  time,  are  these : 

1.  It  is  known  to  men  of  experience,  that  to  the  southward  of  tiM 
tropics  there  is  constantly  a  trade-wind,  or  easterly  wind,  whidi 
goes  from  the  north  to  the  south-east  all  the  year  ronnd ;  except 
where  there  are  reversions  of  breezes,  and  inlets  near  the  land  ;  so 
that  when  this  hurricane,  or  rather  whirlwind,  comes  in  0(qposL 
tion  to  the  constant  trade.wind,  then  it  pours  down  with  sodi 
violence  as  exceeds  any  storms  of  wind.  In  the  hurricane  at 
Nevis,  I  saw  the  high  mountain  that  was  covered  with  trees  left  in 
most  places  bare. 

3.  It  is  remarked  by  all  men,  that  have  been  in  those  parts 
where  the  sun  comes  to  the  zenith,  that  at  his  approach  towards  it^ 
there  is  always  fair  weather;  but  at  his  return  southwards,  it  oc» 
casions,  oflf  the  north  parts  of  the  equinoctial,  generally  mudl 
rain  and  storms,  as  tornadoes,  and  the  like ;  which  makes  the 
wind  in  the  tornado  come  on  several  points.  But  before  it  comes, 
it  calms  the  constant  easterly  winds ;  and  when  they  are  past,  the 
easterly  wind  gSthers  force  again,  and  then  the  weather  clears  vf 
fair. 

3.  The  wind  being  generally  between  the  tropics  and  the  equator 
easterly,  unless  at  such  times  as  before-mentioned  :  meeting  with 
the  opposition  of  these  hurricanes,  which  come  in  a  contrary 


AMO  THEIH  CAUSES.  f-VJ 

covrie  to  Ibat  trad*' wind,  causes  this  viokot  whirl,  wind,  on  lh« 
suD'ii  leaving  the  zenith  of  Barbadoea,  and  these  adjai-eiit  i<>laci<]»  ; 
by  which  Ibe  easterly  wind  loses  much  of  its  strength;  and  then 
the  weit  wipd,  which  is  kept  back  b;  the  power  o(  the  sun,  with 
the  greater  Tiolence  and  furce  pours  down  on  those  parts  whirre  it 
gels  rent.  And  it  is  usual  in  sailing  from  Barbadoes,  or  those 
iilandi  to  the  north,  fur  a  westerly  wind,  when  we  begin  lo  lo^e 
oar  (stttrly  wind,  to  have  it  calm,  as  it  is  before  hurricaues: 
■nd  then  the  wind  springing  up,  till  it  comes  to  be  well  settled, 
causes  the  weather  to  be  various  ;  but  after  tlie  settled  westerly 
wind  comes  fresh,  ihey  have  been  constantly  without  those  shuf. 
flings  frora  point  to  point. 

Here  it  is  lo  be  obsern  d,  that  all  hurricanes  begin  from  tho 
ODttfa  to  the  westward,  and  on  those  points  that  the  easterly  wind 
blows  most  violently,  the  hurricane  blows  most  lierce  against  it ; 
for  frora  the  N.  N.  E.  to  the  E.  S.  E.  the  easterly  blows  freshest; 
so  doM  the  W.  N.  W.  to  the  S.  S.  W.  in  the  hurricane  blow  most 
violent;  lod  when  he  comes  back  tatheSE,  which  is  the  com. 
roon  coarse  of  the  (rade-wind,  then  it  ceases  of  its  violence,  ami 
so  breaks  up.  Thus  I  lake  the  cause  of  hurricanes  to  be  the  sun's 
leaving  the  zenith  of  those  parts  towards  the  south :  ami  second- 
ly, the  reverse  or  rebounding  back  of  the  wind,  which  is  occa. 
nioned  by  the  calming  of  the  trade- wind. 

But  it  will  be  objected,  why  should  not  this  storm  he  all  over 
those  parts  of  the  West  Indies,  as  well  as  Barbadoes  and  the 
IjMwaTd-islands  ?  To  which  I  answer,  that  it  has  in  about  35 
years  of  my  experience,  taken  its  course  from  the  Bermudas  to 
the  Caribees  ;  but  seldom  or  never  carries  such  a  breadth  as  from 
Ibe  latitude  of  16  to '3?  decrees,  which  are  the  latitudes  of  the 
placet ;  but  it  has  been  observed,  that  when  hurricanes  have  been 
in  Martinico,  which  is  within  two  degrees  of  latitude,  and  two 
degrees  longitude,  according  to  the  miles  of  that  circle,  yet  no 
borrteane  has  been  in  Barbadoes;  nor  could  1  tver  call  any  of  the 
former  storms  at  Barbadoes  hurricanes,  till  that  last  year  in  167^5. 
Again  it  has  heen  noted,  that  hurricanes  have  done  the  like  to  the 
Dorthwards:  for  when  the  hurricane  has  been  in  Antigua  and  St. 
Christopher's,  ihoae  ships  that  were  only  in  the  latitude  of  twenty 
degrees,  had  no  hurricane,  but  constant  westerly  winds,  reason- 
ably fair,  and  then  there  were  no  hurricanes  in  Bermndai;  »ud 
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when  the  hurricanes  were  at  Bermudas,  the  Leeward  or  Caribee 
Islands  had  no  hurricane:  nor  had  those  islands  the  harricane 
when  Barbadoes  had  it. 

It  may  be  also  objected,  why  the  hurricane  was  never  known  to 
fo  farther  to  the  westward  than  Porto* Rico,  which  lies  in  or  near 
the  latitude  of  those  islands  of  St.  Christopher  ?  To  this  I  answer, 
that  from  Porto  Rico,  downwards,  both  that  island  and  HispaoioU, 
as  well  as  other  adjao'nt  islands,  are  of  vast  magnitude,  and  very 
high  lands,  that  of  themselves  most  commonly  gire  reversal  or 
westerly  winds  at  night,  through  the  year;  for  there,  for  the 
reasons  aforesaid,  the  easterly  wind,  towards  night,  calms,  and 
those  lands  afford  a  land-wind,  which  the  other  islands  cannot  do, 
by  reason  of  the  smaliness  of  those  Caribee  Islands ;  but  very  aesr 
the  shore,  the  trade-wind  having  its  full  poiver  till  this  gentrai 
whirlwind  comes,  for  the  reasons  aforesaid.  I  do  imagine  likewise, 
to  the  southwards  of  Barbadoes,  where  the  tornadoes  coma  fi«» 
quently,  there  are  no  hurricanes;  nor  was  there  at  Barbadoes, 
when  these  tornadoes  commonly  came  there,  which  made  mmi 
small  reversal,  though  it  was  but  for  two  or  three  hours :  yet  the 
easterly  wind,  giving  some  way  by  the  sun's  declining  from  that 
senith,  prevents  this  furious  reverse,  where  it  has  no  vent  till  it  ji 
forced  by  the  violence  of  the  two  ^inds. 

IPhil.  Trmi.  1098. 

2.  Hurricanes  of  the  Indian  Coast, 

Dr.  Halley  seems  to  consider  the  hurricanes  which  blow  occa. 
^ionally  in  the  month  of  October  in  the  Gulf  of  Bengal,  as  ol  a 
similar  nature  to  those  in  the  West  Indies,  in  which  probably  he 
Is  right;  but  at  the  same  time  it  is  evident,  that  he  has  been  whm 
informed,  respecting  the  time  they  generally  happen  in  the  East. 
He  observes  that  our  seamen  suppose  them  to  be  the  breaking  np 
of  the  monsoon.  In  thb  circumstance  the  mariners  have  milled 
the  philosopher ;  for  the  hurricanes  seldom  happen  aenr  Hm 
change  or  breaking  up  of  the  monsoons,  but  generally  many  days 
after  their  commencement,  and  sometimes  about  the  middle  -of 
them.  Both  the  N.E.  and  S.W.  monsoons  blow  at  first  In  fnah 
gales,  but  neither  of  them  encrease  to  violent  hurricanes.  It  h 
from  very  obvious  causes  already  sufficiently  explained,  that  tbe 
one  dies  gradually  away  before  the  other  begins.     Bnt  we  wHlM 
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iil<Ioc«  unqUEttionablc  proofs  of  these  facta,  and  then  endeavDur 
to  ucertaio  ihe  cau»t-s  of  ihvm. 

Tb«  first  hurricane  on  the  coast  of  Corumamld,  mfnlioai-d  by 
Mr.  Ormo,  in  hit  Historj'  uf  Ditidustan,  wa«  ibat  wfalcli  liesiroypd 
1^  Boardonni's  fleet,  after  he  had  lakeii  Madras  in  the  year  1746. 
Ilr  attacked  Ihii  fort  in  September,  which  surrendf-red  to  him  in 
l«s«  than  a  month,  on  condition  (bat  [iriTittu  property  should  be 
prutrcled.  But  Oupluix,  the  goT^rnurof  Pondicherry,  disputed 
lti«  right  of  the  iMlmirai  to  make  sut^h  a  capitulation,  and  Insisted 
00  hi*  selling  all  property,  both  public  and  privatp.  'I'he  corrM. 
poadence  oii  Ihii  tnhji'Ci,  in  which  the  viftuoui  adniiral  atrenu. 
oasly  defended  the  rights  of  inditiduals  and  his  own  honour,  de. 
twn«d  him  at  Madras  with  his  squadron  much  longer  than  otherwis* 
h*  iotended  to  have  stayed  ;  and  on  the  2A  of  October  came  on  a 
harrican*,  which  in  a  few  hours  destroyed  almost  the  whole  [•'rench 
fleet,  and  ii>  which  twenty  other  ships  of  different  nations  were 
driivn  on  shore.  One  uf  the  ships,  says  Mr.  Orme,  fuundered  iu 
4n  imtaDt,  and  only  six  of  the  crew  were  saved.  Bat  it  must  be 
rem«inbrr«d  that  four  ttssels  laden  with  effects  sent  from  Madras, 
with  three  others  lately  arrived  at  Pondioherry  from  Europe,  were 
not  affected  by  this  hurricnnc  -,  the  violence  of  which,  therefore, 
did  not  extend  more  than  sixty  or  eighty  miles  to  the  southward. 

Ob  the  31  St  ef  October,  1753,  Mr.  Orme  mentions  also  a  vio. 
Imt  hurricane  on  laud,  which  was  fell  mostly  near  Wandiwath ; 
but  as  the  same  author,  who  is  in  general  equally  minute  and  cor- 
rttt,  takes  no  notice  uf  any  bad  consequences  happening  from  it  at 
sea,  we  may  reasonably  sappose  that  it  dtd  no  mischief  either  at 
Madras  or  I'ondicherry,  although  its  principal  violence  was  felt' 
Dearly  half-way  between  both,  and  not  more  than  sixty  miles  in  a 
direct  line  from  either. 

The  nest,  which  occurred  during  the  N.E.  monsoon,  was  on  tlie 
30tii  of  December,  1760,  during  the  siege  of  Pondicherry.  On 
the  etening  of  that  day  the  weather  was  fair,  the  rains  had  ceased, 
and  there  were  regular  land  and  sea  breezes  ;  but  a  heavy  sw%ll 
n>)l«d  in  on  the  shore  from  the  S.E.  1  be  next  morning  the  sky  was 
of  adosky  hue,  accompanied  with  a  closeness  in  the  air,  bnl  wiDiout 
that  Hild  irregularity  which  prognosticates  a  hurricane.  Towards 
the  evening,  however,  the  wind  freshened  from  Ihe  N.W.  and  at 
■fight  at  night  eucreased  considerably.      About  midnight  Ihe  wind 
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veered  round  to  the  N.E.  fell  ctlm  with  a' thick  haze,  and  in  a  few 
minutes  after  flew  round  to  the  S.E.  whence  it  blew  with  great 
Tiolence.  Almost  all  the  ships  might  have  been  saved,  had  thej 
taken  the  advantage  of  the  wind  blowing  off  the  land,  bat  the 
roaring  of  the  wind  and  sea  prevented  the  captains  from  hearing 
the  signals  for  standing  out  to  sea,  and  manj  of  the  shipa  wera 
wrecked.  The  Newcastle,  Queenborough,  and  Protector,  wera 
driven  on  shore  a  few  miles  S.  of  Pondicherry,  and  the  crews  wera 
saved.  The  Norfolk,  Admiral  Stevens,  returned  next  day  ;  and 
on  the  7th  came  in  the  Salisbury  from  Trinco  Trincomalay  S*  and 
the  Tiger  from  Madras  N. ;  so  that  in  these  opposite  directioDt  of 
E.N.  and  S.  the  violence  of  the  storm  had  not  been  felt.  It  is 
observed  by  mariners  in  the  East  Indies,  that  these  hurricuMS 
usually  happen  once  in  fi^e  years ;  but  for  this  opinion  I  can  ia4 
DO  reason,  either  from  what  I  have  heard  fr6m  others  or  hum 
myself  observed. 

The  next  in  succession  to  that  of  176O.6I,  was  in  17^3.  Ol 
the  SOth  of  October  in  that  year*  many  days  after  the  N.E. 
monsoon  had  apparently  commenced,  the  wind  began  to  slackeiiy 
and  the  clouds  in  the  evening  appeared  uncommonly  red,  partial* 
larly  on  the  day  preceding  the  hurricane.  On  the  morning  of  tlw 
21  sta  strong  wind  blew  off  the  land,  and  in  the  course  of  a  few  bous 
flew  all  round  the  compass.  At  this  time  the  Norfolk  man  of  war, 
Admiral  Cornish,  with  the  America  and  Weymouth,  and  the  Royal 
Charlotte  country  ship  of  four  hundred  tons,  remained  in-  Madras 
roads,  with  several  other  country  vessels.  The  wind  began  to  blow 
from  the  N.W.  and  continued  from  that  quarter  from  three  or  fovr 
hours,  of  which  time  the  men  of  war  availed  themselves  to  put  to 
sea,  but  it  then  suddenly  changed  to  the  eastward,  and  prevented 
most  of  the  country  ships  from  following  their  example.  A/tsr 
having  blown  with  incessant  violence  for  fourteen  hours,  and  with 
almost  equal  strength  from  every  point  of  the  compass,  it  at  length 
ceased,  but  literally  left  only  wrecks  behind.  All  the  vessels  at  an 
anchor  were  lost,  and  almost  every  peri>on  on  board  perished ; 
but  the  men  of  war  and  the  Royal  Charlotte  returned  into  the 
roads  on  the' 24th.  The  former  had  felt  the  gale  very  severely 
whilst  near  the  coast,  but  without  sustaining  any  material  injury  | 
the  latter  vessel  likewise,  from  staying  rather  too  long  at  anchor^ 
had  lost  her  fore  and  main.inastS;  and  was  otherwise  much  da- 
maged. 


LAND  AND  SEA   BREEZES. 

Th«  tajt  of  these  hurricanes  oa  the  coast  of  Cora  man  do  I,  which 
ic  seems  necesury  to  mention,  Is  (hit  which  happened  on  the 
IgOtot  October,  1758.  Of  this  suflidcnt  notice  wis  gifen,  but 
Ih«  officers  of  the  Chatham  I ndiaman,  then  iti  the  road,  ilid  nut 
anil  themselves  of  it ;  for  on  (he  preceding  evening  the  sea  was 
violeallj'  agitated,  the  suo  st>t  in  a  haie  deeply  tinged  wrth 
red,  with  every  other  proi;noslic  of  a  gale  of  wind.  But  unTur- 
(aD4tely  there  had  b<cn  a  misuiidflrslaQding  between  the  cap. 
lain  and  olBcerg,  and  the  former  being  on  shore,  the  lattfr, 
pfobaWy  waiting  for  orders,  remained  at  anchur,  notwithstanding 
Ifaey  might  hare  put  to  sea  with  the  N.W.  wind,  which,  as  usual 
It  tli«  commencement  of  these  harricanes.  blew  off  the  land. 
The  governor  and  coiun'il,  who  foresaw  the  danger  even  time 
moagh  to  have  prcrented  the  loss  of  the  ship,  ordered  signal  guns 
to  be  fired  with  shot,  by  way  of  directing  the  officers  to  weigh 
anchor  and  st^nd  out  to  sea;  hut  either  they  did  not  hear  the  gans, 
or  wen  too  punctilioub  ill  wailing  for  orders,  and  in  cunsetjuence 
of  this  inflexibility  were  lost,  for  the  ihip  was  never  seen  or  heard 
of  after  the  close  of  the  evening  of  the  %9th.  It  is  poisible  ihey 
were  not  able  to  distinguish  the  sf^Dal  guns,  for  many  of  (he  inha. 
bitants  of  the  fort,  during  (he  violence  of  the  hurricane,  did  not 
bear  (h«m,  and  (he  flashes  of  the  guns  might  be  mistaken  by  the 
olEcvn  of  the  ship  for  those  of  llghloing.  The  ressel^,  lyln;;  at  this 
ihne  at  s  single  anchor  in  the  open  road  of  Pondlcherry,  were  not 
in  the  least  disturbed  by  this  hurricane  ;  neither  were  the  cRccta  of 
it  to  tlie  smallest  degree  f>.'lt  al  any  of  our  settlements  to  the  north, 
ward.  Ships  wlijch  put  to  sea  in  due  time  very  soon  g'.'t  beyond 
tbdr  Influence  to  the  eastward,  and  it  is  very  well  knowD  that  they 
never  extend  far  inland.  All  these  circumstaaceB  properly  consi- 
dered, clearly  manifest  the  nature  of  these  winds,  or  rather  po- 
utivelj  prove  (hem  to  be  whirlwinds,  whose  diameter  cannot  be 
nor«  than  ISO  miles,  and  the  vortex  seems  generally  near  Madras 
or  Pnlicat,  where  a  branch  of  the  Ballsgat  Mountains  extends  (o. 
wanls  th«  sea.  Those  which  bapptm  in  the  N.E.  monsoon  gene.' 
rallf  f^l  with  the  most  violence  witbin  a  few  leagues  of  this  pikce, 
and  nfrver,'  I  believe,  reach  (o  the  S.  of  Porto  Novo. 

But  at  the  GOEomencement  of  the  S.W.  monsoun,  violent  galei 
are  somelimM  felt  on  the  east  side  of  Ceyluo  and  the  i< 
trcotlty  of  the  coast ;  these  however  should  be  considered  rather  i 

roL.  iV.  a 
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the  tail  of  that  oa  the  Malabar  coast,  which  extends  itself  over 
Cape  Comorin,  near  the  southern  eitremity  of  the  peninsula.  Id 
that  quarter,  howeier,  such  gales  seldom  occur,  and  are  alwajs  of 
thort  duration. 

One  instance  only  is  to  be  found  in  Mr.  Orme's  History  of  a  Tic* 
lent  hurricane  to  the  southward.  In  this  iiibtance,  which  happened 
•n  the  I3th  of  April,  1749,  near  Porto  Novo,  on  the  coast  of  Co- 
romandel,  two  of  the  company's  ships  were  8trand«»d  near  Cudda. 
lore ;  and  the  Namur,  one  of  Admiral  Bosca wen's  squadron,  with 
the  Apollo  hospital  ship,  fouuderod.  Thib  is  the  only  instance 
known  to  me,  in  thirty-five  yoais,  of  a  hurricane  on  the  Coroman. 
del  coast  during  the  8.  W.  monsoon,  and  the  effects  of  thia  were  not 
lelt  beyond  11  degrees  N. 

On  the  coast  of  Malabar,  however,  this  monsoon  frequently 
blows  with  considerable  strength  at  the  commencement ;  but  it 
must  be  obserred  that  it  does  not  begin  at  the  same  time  on  all  parts 
of  the  coast,  nor  does  it  proceed  rapidly  in  its  course  toward  tht 
N.  For  although  the  change  of  the  monsoon  generally  takes  ^ce 
at  Anyengo  about  the  time  the  sun  becomes  vertical  at  that  pltoe,  it 
never  reaches  Bombay  before  the  middle  or  rather  the  end  of  May ; 
the  latitude  of  the  former  is  about  80°  3(/  N.  and  of  th*  latter  19 
degrees.  On  the  12th  of  April  the  sun  is  vertical  at  Anjei^,  and 
about  the  15th  of  May  at  Bombay.  If  then  the  difference  of  lati* 
tude  and  declination  be  compared,  it  will  be  found  that  the  am  and 
the  monsuon  move  almost  precisely  together,  at  the  rate  of  about 
twenty  miles  per  day :  a  circumstance,  which  above  all  others  tendf 
to  prove  that  the  sun's  motion  in  the  ecliptic  is  the  primajry,  if  not 
the  sole  case  of  the  motion  of  the  air,  or  rather  of  the  cowse  of 
the  wind,  at  least  in  this  part  of  the  world,  I  mean  on  ike  Mali^" 
bar  coast. 

Monsieur  D'Apres  however  remarks,  that  the  N.E.  monsoon,  m 
the  Mosambique  Channel,  begins  at  the  north  end  of  Madi^gascar, 
and  amongst  the  Cumero  islands,  in  the  first  week  of  November; 
and  at  St.  Augustine's  Bay  to  the  southward,  at  the  end  of  the  sum 
month.  If  the  distance  of  those  two  places  in  like  manner  be  di« 
vided  by  the  number  of  days,  it  will  be  found  to  corcespQud  nearly 
with  thp  daily  diflference  of  the  sun's  declination  ;  consequently 
this  fact  will  further  corroborate  the  truth  of  this  hypothesis ;  fsr 
the  correspondence  between  the  motion  of  the  monsoon  aaA  ^ 
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6«\fy  Allttme*  of  the  sun's  declinalioR  ii  «sactly  the  same,  not 
only  in  Indb,  but  likewise  In  bulh  the  northern  and  southern  he- 
mhphtiea. 

I  hire  no  authentic  account  of  horricanes  on  the  MiUbar  coast ; 
but  I  racollect  (o  hire  beard  of  one  which  happened  in  the  monlb 
ot  May,  nm,  off  Goa,  and  of  a  second  near  Aujengo,  which  took 
place,  I  beliere,  about  the  middle  of  April,  1779.  One  of  the 
<^mpBny's  cruisers  wa«  at  that  time  lying  at  an  anchor  io  the  road  ; 
it  sitempfed,  loo  late,  to  put  to  sea,  but  was  nerer  aflerwardK 
wen. 

From  these  accounts  it  seems  very  clear,  that  hurricanes  nerer 
happen  at  the  breaking  up  of  the  monsoons,  nor  preciEely  at  their 
commencemtnt,  but  ralher  some  lime  after  the  change,  and  that 
tbey  kfc  local  and  of  short  duration.  But  this  description  of  them 
is  not  confined  to  the  Malabar  coast,  nor  to  that  of  Coromandel, 
they  r»ge  with  equal  if  not  superior  violence  In  the  southern  Ike. 
mbpliete,  particularly  about  the  latitude  ot  W  degrees  S.  near  the 
Pr«nch  islands,  where  many  ships  hare  been  in  great  danger  of  pe. 
rifbiog  from  their  effects,  amongst  the  rest  the  Ilchester  Indiaman, 
■a  the  year  1757.  But  the  most  accurate  and  authentic  account, 
wblcb  I  hare  received  of  hurricanes  in  these  latitudes,  was  that  of 
tb«  biirricaue  which  the  Britannia  Indiaman  encountered  in  th« 
year  1770.  On  the  lOlh  of  March,  about  midnight,  the  wind  sud- 
denly burst  upon  the  ship  from  the  S.E.  and  blew  with  considerable 
force,  but  shifted  all  round  the  compass  in  the  course  of  a  few 
faonrs.  Between  &ie  and  sis  in  the  morning  a  sudden  pust  carried 
awaj  their  topmast)  and  gib.boom,  when  lying  to  under  a  ba. 
iMced  inizen;  and  nearly  about  the  same  iosUnt  the  jolly-boat^ 
hanging  over  the  side  by  the  mizen  chains,  was  suddenly  whirled  op 
into  the  mizen  shrouds,  whence  it  fell  into  the  sea,  and  was  dashed 
in  pieces.  The  wiadhariog  blown  nearly  with  equal  strength  from 
apposite  quarters,  prevented  the  sea  from  rising,  so  that  at  the  end 
of  ten  hours,  whea  it  subsided,  the  lea  bore  but  very  litt!e  appear, 
ance  of  hsTini:  been  violently  agitated.  , 

The  following  day,  the  rigging  being  repaired,  they  proceeded  a 
few  leaguei  to  (he  westward,  and  met  a  French  vessel  that  had  not 
felt  the  hnrricane  ;  they  were  likewise  overlaken  by  another  ship 
which  bad  followed  the  same  track  as  the  Britannia  without  suf. 
faring  the  least  iocoDvenie ace  from  it.     TbeieciiCDmstances prove 
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posititelj,  that  ta  ao  east  and  west  direction,  this  hurricane  had 
Dot  extended  above  30  leagues,  and  likewise  that  the  ship  wu 
nearly  in  its  centre. 

Thus  then  it  appears  that  these  tempests  or  hurricanes  are  tor- 
nadoes, or  local  whirlwinds,  and  are  felt  with  at  least  equal  tio* 
fence  on  the  sea-coast,  and  at  some  little  distance  out  at  sea.  fiat 
there  is  a  material  difference  in  the  situation  of  the  sun  when  thej 
appear  at  different  places.  On  (he  coast  of  Coromandel,  for  ex* 
ample,  they  seldom  happen,  particularly  to  the  northward,  except 
when  the  sun  is  in  the  opposite  hemisphere.  On  the  Malabar 
coast  they  rage  with  most  Tioleoce  during  the  monsoon,  whilst  the 
sun  is  almost  vertical.  Near  the  island  of  Mauritius  they  are  felt 
in  January,  February,  and  March,  which  may  be  deemed  their 
summer  months.  And  in  the  West  Indies,  according  to  Mr.  Ed. 
wards's  History  of  Jamaica,  the  hurricane  season  begins  in  August 
and  ends  in  October. 

[Copper. 

3.  Hurricane  in  Huntingdonshire y  Sept,  8,  1741. 
By  Mr.  S.  Faller,  of  Trin.  Col.  Camb. 

This  was  the  most  violent  hurricane  of  wind  in  these  parts,  thai 

ever  was  known  since  the  memory  of  man.     Cambridge  was  not  in 

the  midst  of  the  hurricane,  so  that  it  has  escaped  very  well.    Mr. 

F.  happened  to  be  at  Bluntsham  in  Huntingdonshire,  about  ten 

miles  north-west  of  Cambridge.    They  were  there  in  the  midst  of 

the  hurricane.    The  morning,  till  half  an  hour  after  eleven,  was 

still,  with  very  hard  showers  of  rain.     At  half  after  eleven  it  be* 

gan  to  clear  up  in  the  south,  with  a  brisk  air,  so  that  they  expected 

a  fine  afternoon.    The  south-west  cleared  up  too,  and  the  suu 

shining  warm  drew  them  out  into  the  garden.    They  had  not  been 

out  above  ten  minutes,  before  the  storm  was  seen  coming  fross  the 

soutluwest :  it  seemed  not  to  be  thirty  yards  high  from  the  gronndy 

btingiog  along  with  It  a  mist,  rolling  along  with  such  incredible 

swiftness,  that  it  ran  about  a  mile  and  a  half  in  half  a  minute.    It 

began  exactly  at  twelve  o'clock,  and  lasted  about  thirteen  ininuteS| 

e^ht  minutes  in  full  violence :  it  presently  uncovered  the  boasey 

and  some  of  the  tiles,  falling  down  to  windward,  were  bl«wn  In  at 

the  sashes,  and  agidnst  t&e  wainscot  on  the  other  side  of  the  room ;. 

At  broken  glass  wis  Mown  aH  over  the  voom ;  the  cUmnejs  nil 
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(icap*(t :  but  the  slatues  on  the  (op  of  tbc  house,  and  the  ballo- 
•Indes  from  one  end  to  the  other,  tieie  all  blown  donn.  The 
stabling  was  all  blown  down,  except  iwo  !il(le  stalls.  A  l\  the  barns 
in  the  parish,  except  those  that  were  full  of  corn  quite  up  lo  the 
top,  were  blown  flat  on  the  ground,  to  lUe  number  of  about  sixty. 
The  dMelliog  housei  escaped  best;  there  Mere  not  aboTe  twelve 
blown  donn,  out  of  near  one  hundred.  If  the  storm  had  lasted  li»r 
minutes  longer,  almost  CTery  hou.se  in  the  (onn  must  haie  been 
down;  for  they  were  all,  in  a  manner,  rocked  quite  off  from 
ihwr  underpin nii>gs.  The  people  all  left  their  houses,  and  carried 
their  children  out  lo  t\!i  windward  side,  aud  bid  them  down  on  the 
groand,  and  laid  themselres  dowti  by  them  ;  and  by  that  means  all 
escaped,  except  one  poor  milkr,  who  went  in[o  his  mill  lo  secure 
It  sgainsl  the  storm,  which  was  blown  over,  and  he  was  crushed  to 
death  between  the  stones  and  one  of  the  large  beams.  All  the  mills 
in  the  country  are  blown  down,  liay-stacks  and  corn.stacks  are 
some  quite  blown  away,  some  into  the  neit  corner  of  the  lield. 
The  poor  pigeons  thnt  were  caught  in  it,  were  blown  down  on  (he 
ground,  and  dashed  to  pieces.  WhercFer  it  met  with  any  boarded 
hoDses,  it  seemed  to  exert  more  than  ordinary  violence  on  them, 
and  scattered  their  wrecks  abofe  a  quarter  of  a  mile  lo  the  north. 
eut  in  B  line  :  Mr.  F.  followed  one  of  these  wrecks;  and  about 
ISO  yards  from  the  building,  he  found  a  piece  of  a  rafter,  many  feet 
long,  and  about  six  inrhes  by  fojr.  stuck  oprijjht  two  faet  deep  in 
the  grvund  ;  aud  at  the  distance  of  400  paces  fiom  the  same  b:i/.il. 
lag,  was  an  inth  board,  nine  inches  broad,  fourteen  Teet  long  :  tWsi.' 
boards  were  carried  np  into  the  air ;  and  some  were  rarried  over  a 
pond  aboTe  thirty  yards;  and  a  row  of  pales,  as  much  a.s  two  men 
could  lift,  were  carried  (wo  rods  from  their  places,  and  !>et  upright 
against  an  apple-tree,  Pales,  in  generul,  were  oil  blown  down, 
tame  posts  broke  off  short  by  the  grouud,  others  torn  up  by  the 
stumps.  The  whole  air  was  full  of  straw  :  gravel-stones,  as  large 
as  the  top  of  the  little  finjier,  were  blown  off  the  ground  In  at  the  wir. 
dowsj  and  the  Tery  grais  was  blown  quite  flat  on  the  giuund.  After 
the  Etorm  was  over,  he  went  out  into  the  town,  and  sucti  a  miser, 
able  sight  he  neTer  saw :  the  havoc  above  described  ;  the  women 
and  children  crying,  the  farmers  all  dejected  ;  some  blessing  God 
for  the  narrowness  of  their  escape,  others  wondering  how  so  much 
miichief  coald  be  done  with  one  blast  of  wind,  which  hardly  lasted 
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long  enoagb  for  people  to  get  out  of  their.boases.  Two  people,  that 
were  out  in  it  all  the  time,  said,  that  thej  heard  it  coming  ahovt 
half  a  minute  before  they  saw  it ;  and  that  it  made  a  noise  reseoi* 
bling  thunderi  more  contionedi  and  continually  increasing.  A  man 
came  from  St.  IveSy  who  says,  the  spire  of  the  steepTe,  one  of  the 
finest  in  England,  was  blown  down,  as  was  the  spire  of  Hemming, 
ford,  the  towns  baying  received  as  much  damage  as  Blontsham* 
There  was  neither  thunder  nor  lightning  wfth  it,  as  there  was  at 
Cambridge,  where  it  lasted  abore  half  an  hour,  and  consequently 
was  not  so  riolent.  Some  few  booths  in  Sturbridge-fair  were 
blown  down.  The  course  of  the  storm  was  from  Iluntingdoo  to 
St.  Ives,  Erith,  between  Wisbeach  and  Downham  to  Lynn,  and  so 
on  to  Suetsham.  Very  few  trees  escaped  :  the  barns  that  flood 
the  storm,  had  all  their  roofs  more  damaged  to  the  leeward  sidt 
than  to  the  windward.  The  storm  was  succeeded  by  a  prpfpuod 
calm,  which  lasted  about  an  hour ;  after  which  the  wind  cpntiaitd 
pretty  high  till  ten  o'clock  at  night. 

iPhil.  Trans.  1741. 

4.  Tempeit  at  Wigton  in  Cumberland. 
By  Mr.  T.  TbomliDsoo. 

On  the  6th  of  October,  1756,  at  night,  happened  a  most  Tiolent 
hurricane,  such  as  has  not  bef  n  knonn  in  these  parts  in  any  one's 
memory.  It  lasted  four  hours  at  least,  from  about  eleven  till  three. 
The  damage  it  has  done  is  very  deplorable.  The  corn  has  snflered 
prodigiously.  Stacks  of  hay  and  corn  have  been  entirely  swept 
away  :  houses  unroofed,  and  in  several  places  driven  down  bj  its 
fury  :  trees  without  number  torn  up  by  the  roots ;  others  soapt  off 
by  the  middles,  and  their  fragments  scattered  over  the  adjoining 
fields.  Some  were  twisted  almost  round,  or  split  down  to  the  verj 
ground  ;  and,  in  short,  left  in  such  a  shattered,  mangled  condidpOj 
as  scarcely  any  description  can  give  an  adequate  idea  of.  The 
change  in  the  face  of  the  country  was  very  surprising  in  one  single 
night :  for,  to  complete  the  dismally-desolate  scene,  the  serenl 
tribes  of  vegetables  (in  all  their  verdure  the  day  before)^  as  if 
blasted  withsethereal  fire,  hung  down  their  drooping  heads.  Et^ 
herb,  every  plant,  every  flower,  had  its  leaves  withered,  shrivelk^ 
up,  and  turned  black.   The  leaves  on  the  trees,  especUiUy  go  the 
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weather  Ad%y  fared  io  the  tame  manner.  The  evergreens  alone 
feem  to  have  escaped.  The  grass  also^  in  a  few  da^s  time|  reco* 
rered  itself  In  a  great  measure, 

Mr.T.  agreed  at  first  with  the  generality  of  people  in  their  opi. 
nion,  that  lightning  had  done  all  this  mischief:  but  on  recollecting 
that  there  had  not  been  much  seen  any  where,  in  many  places  none 
at  all,  but  that  the  tffect  was  general,  as  far  as  ever  the  wind  had 
reached  ;  he  began  to  think  that  some  other  cause  might  probably 
be  assigned.  Accordingly,  he  examined  the  dew  or  rain,  which 
had  fallen  on  the  grass,  windows,  &c«  in  hopes  of  being  enabled,  by 
its  taste,  to  form  some  better  judgment  of  the  sulphureous  or  nitrous 
particles,  or  of  whatever  other  quality  they  were,  with  which  the 
air  was  so  strongly  impregnated  that  night,  as  to  produce  such 
stii^Dfe  effects.  Nor  was  he  deceived  in  his  expectations :  for  on 
tasting  it,  be  found  it  as  brackish  as  any  sea.  water.  The  several 
f  cgetables  also  which  he  tasted  were  all  salt,  more  or  less,  and  con- 
tinued so  for  five  or  six  days  after  ;  the  saline  particles  not  being 
theo  washed  off,  from  the  corn  and  windows  in  particular;  the 
latter  of  which,  when  the  moisture  on  the  outside  was  exhaled  next 
day^  sparkled  and  appeared  exceedingly  brilliant  in  the  sunshine. 
The  saltness  he  conceived  had  done  the  principal  damage;  for 
coonnoo  salt  dissolved  in  water,  he  found  on  experiment  on  some 
fredi  Tegetables^  when  sprinkled  two  or  three  times,  on  them,  has 
tiM  Tery  same  effect,  except  that  it  does  not  turn  them  quite  so 
Mack  ;  but  particles  of  a  sulphureous  or  *  other  quality,  may  have 
beett  mixed  with  it.  That  this  salt  water  had  been  brought  from 
tke  seat,  every  bddy  will  allow  ;  but  the  manner  how]:,  is  not 

SO  easy  to  conceive  §. 

IPhil.  Trant.  1757. 

*  Ib  an  a^oiBiDj;  bleach-yard,  a  piece  of  cloth,  which  bad  been  left  oot  all 
wai  turned  yellow ;  and  was  not  without  some  difficulty  washed  oat 
Some  alsot  which  was  spread  oot  the  next  day,  contracted  the  same 
. — Orig. 
f  The  wind  was  westerly,  and  consequently  would  sweep  the  Irish  sea.— 

)  He  rain,  or  however  very  little,  daring  tlie  hnrricane.— Orig. 
(  Oar  readers  will  find  various  instances  of  such  descent  of  saline  particles  in 
Ite  ffeceding  chapter  zzxiz,  section  v,  where  they  will  also  perceive  that  the 
writer  muit  be  mistaken  in  ascribing  any  part  of  the  mischief  to  the 
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5.  General  Remarks  on  Tornados  or  Wkirlwmds. 

It  has  long  beeo  supposed  that  these  phaenomeiia  are  imnediatrl/ 
connected  with  atmospheric  electricity,  and  produced  bj  iti  irre. 
gular  dlffnsion :  and  it  must  be  obvious  from  the  preceding  articles 
10  this  section,  that  hurricanes,  or  wind. tempests,  are  precise!/ of 
the  same  nature  as  tornados  or  whirlwinds,  only  somewhat  leas  de- 
fined and  limited  in  their  action • 

The  ancients  supposed*,  that  there  were  great  irarieties  of  whirl, 
winds,  of  which  Pliny  and  Seneca  give  different  accounts* 

The  tyhon,  rvfutfj  is  defined  by  them,  vortex  ignefaeiuSj  a  Tor* 
tex  produced  by  fire,  which  causes  dreadful  hurricanes  of  wind, 
and  destroys  all  things  that  come  within  its  reach. 

The  prester  comes  from  f^iw^  incendo,  inflammo.  It  was  odd 
to  break  forth  with  strong  flashes  of  lightnings  and  to  be  generalljr 
accompanied  with  an  ecnephias. 

The  latter  is  from  vif^s,  nubes^  and  is  described  as  a  sadden  md 
impetuous  wind,  bursting  forth  from  a  dark  cloud  with  little  rain. 

The  eihydfia  was  a  violent  whirlwind,  attended  with  a  graU 
quantity  of  rain,  and  in  fact  the  principal  difference  between  aa 
exhydria  and  an  ecnephias  was  in  the  quantity  of  rain  or  water, 
which  they  were  supposed  to  contain. 

These  whirlwinds  are  evidently  of  the  same  family,  all  the  fea. 
tures  of  (hem  being  exactly  similar,  with  some  slight  variations  of 
character. 

When  a  sudden  and  violent  change  is  produced  by  fire,  eHber 
common  or  electrical,  in  a  considerable  body  of  the  atmospliere, 
the  air  from  all  sides  suddenly  rushes  forward,  and  consequently 
^concentrating  to  a  point,  forms  a  vortex  ;  and  when  the  cohesion 
of  the  air  is  broken,  it  will  also  of  course  precipitate  the  water  it 
contains,  and  produce  an  ecnephias  or  exhydria ;  or  where  dbere 
is  but  little  moisture  in  the  atmosphere,  a  typhon  or  prester.  Tlie 
two  first  are  probably  the  ascending  whirlwinds,  the  others  tliose 
which  descend. 

*Air  ascending  or  descending,  s^ys  Dr.  Franklin,  may  form  tiM 
same  kind  of  eddies  or  whirlings^  the  parts  of  air  requiring  a 
circnlar  motion,  and  receding  from  the  middle  of  the  ctrdo  bj  a 

•  There  is  a  little  incorrect  new  in  fhii  explanation  of  whiilwiod^  is  (he 
feeder  will  perceive  on  timing  to  chapter  xU,  lecHeB  ii 
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ccDlrifu^al  forc«,  and  leaving  there  a  vacancj.  If  dfiu^nding,  it 
will  be  gn-atetl  abofe  and  will  leisen  downwards.  If  uceadiog,  it 
wUIb«greale([  below  and  wilt  lessen  n^jwardj,  likes  speaking  trum- 
pet itaodiag  trUb  the  largest  end  on  the  ground. 

When  the  air  descends  with  violence  in  some  places,  it  may  riM 
with  equal  Tiolence  in  others,  and  form  both  kinds  of  whiilwinds. 
The  air  tn  its  whirling  motion  receding  every  waj-  froio  (he  centre 
or  uis  of  the  trumpet,  leaves  there  a  lacuum,  which  CBimot  be 
filled  through  the  sides,  the  whirling  air  as  an  arch  preventing ;  it 
rauft  (hen  press  ia  at  the  open  ends.  The  greatest  pressure  in< 
wkrds  tuust  be  at  the  lower  end,  the  greatest  weight  of  the  sur. 
rounding  atiuos[ 'here  being  there;  thi;  air  entering  ri<es  within, 
and  carries  up  dust,  leaves,  and  heavier  bodies,  that  happen  to  be 
in  it*  way,  as  the  eddy  or  whirl  passes  over  land. 

If  it  pastes  ever  water,  the  weight  of  the  surrounding  atmo- 
•pitere  forces  up  tha  water  info  the  racnity.  part  of  which  by  de> 
greet  joins  wiihthe  whirling  air,  and  adding  weight,  and  receiving 
tcc«I«r>ted  motion,  recrtles  still  further  from  the  centre  or  axis  of 
Ott  tnmp  as  the  pressure  lessens,  and  at  last,  as  (he  trump  widens, 
b  broken  into  small  particles,  and  so  nnited  with  air  as  to  be  sup. 
ported  by  it,  and  become  black  clouds  at  the  lop  of  the  trump. 

Thus  these  eddies  may  be  whirlwini^s  at  land  and  water-lpoiits  at 
•n.  A  body  of  water  su  raised  may  be  suddenly  let  fall,  when  the 
motion,  &c.  has  not  strength  to  support  it,  or  the  whirling  arch  is 
broken  so  bi  to  admit  the  air  falling  into  Ihe  sea.  Ii  is  harmless, 
unless  ships  unfortunately  happen  to  be  directly  under  it ;  but  if  in 
tbe  progressive  motion  of  the  whirl  it  has  moved  from  the  sea  over 
tfie  Und,  and  there  suddenly  breaks,  violent  and  mischievous  lor. 
rents  are  the  consequence. 

[^Capper. 

a.  Dreadful  Whirtu^ind  at  Cambridge  in  Nea  England, 
B>  Profenor  Winlhro|i. 

The  morning  of  July  10,  1781.  at  Cambridge,  wis  fair  and  hut 
with  a  brisk  gale  at  south-west.  The  afternoon  was  cloudy. 
About  five  it  began  to  rain,  and  thondered  once.  At  Leicester, 
for^  miles  westward,  about  five  o'clock  the  iky  looked  strangely  ; 
doudt  from  the  ioulh.w«st  asd  north. vest  teemed  to  rush  to. 
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gether  very  swiftly,  and  ininediafelj  on  fh^ir  meeting  eonnn^tieefl 
a  circular  motion  ;  prf  sontly  after  which  a  terrible  noise  was  heard* 
The  whirlwind  passed  along  from  south. west  to  north,  west.  Its 
first  effects  were  discernible  on  a  hill,  where  spferai  trees  wert 
thrown  down  at  considerable  distances  from  each  other.  In  this 
manner  it  proceeded  the  distance  of  six  miles  with  the  most  destnie* 
tire  Tioleiioe,  tearing  up  and  scattering  about  the  tre(*8,  stones, 
fences,  and  erery  thing  else  in  its  way,  formii^g  a  contieaed  lane 
of  ruins,  of  a  few  rods  wide. 

It  met  with  only  one  dwelling-lioose  in  its  course,  that  of  one 
David  Lynde,  on  which  it  fell  with  the  uimost  fury,  and  In  a  mo* 
ment  effected  its  complete  destruction. 

The  bouse  was  of  wood,  two  stories  high,  and  both  the  ebin» 
neys  of  stone.  Near  the  house  were  a  shop  and  small  ghed  ;  and 
the  barn  stood  on  the  opposite  tide  of  the  road,  about  tea  rods  dis» 
taut.  As  soon  as  they  perceived  the  storm  coming  near  the  komt 
some  men  within  endeavoured  to  shut  the  sooth  door ;  bat  befoit 
they  could  effect  it  they  were  surprized  by  the  failing  of  stones 
around  them,  from  the  top  of  the  chimney  which  was  in  the  mid* 
die  of  the  house.  All  the  people  in  the  house  were  id  that  ia* 
stant  thrown  into  such  a  consternation;  that  they  can  give  bo  ac» 
count  of  what  passed  during  this  scene  of  confusion,  which  was 
indeed  very  short.  Where  the  house  stood  nothing  remained  boC 
the  sills,  and  greater  part  of  the  lower  floor,  with  part  of  the  two 
stacks  of  chimneys,  one  about  ten  feet,  and  the  other  not  quite  ao 
high;  the  stones  which  had  composed  the  upper  part  lying  all 
around  them.  Except  these  sills,  there  were  only  three  pieces  of 
timber,  and  those  very  large,  left  entire ;  one  of  which,  about 
sixteen  feet  long,  and  ten  inches  by  eight,  was  found  on  the  op« 
posite  side  of  the  road,  nearly  south,  about  twenty  rods  distant 
from  the  house.  The  rest  of  the  timbers,  from  the  greatest  to  the 
least,  lay  broken  and  twisted  to  pieces  between  N.N.E.  and  E«  for 
seventy  or  eighty  rods  from  the  house  ;  tome  on  the  ground,  others 
sticking  into  it  a  foot  and  two  feet  deep  in  ail  directions.  Ftot  of 
one  of  the  main  posts,  about  ten  feet  long,  with  part  of  one  of  the 
plats  of  nearly  the  same  length,  and  a  brace  which  holds  them 
together,  were  left  sticking  in  the  ground,  nearly  perpendicular^ 
to  a  great  depth,  in  a  field  southerly  from  the  house,  about  eigbC 
rods  distant.    The  boards  and  shingles  of  the  home,  thceo  or  fow 
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llMMisaiid  oew  boards  which  lay  by  it,  were  so  entirely  shattered, 
thai  scarcely  a  piece  could  be  fouod  above  four  or  five  inches  wide, 
and  vast  nambers  were  not  more  than  two  fingers  wide ;  some 
witlun  tha  course  of  the  wind  and  some  without,  at  great  distances 
•B  both  sides  of  it.  What  has  been  said  of  the  boards  and  shingles 
was  likewise  true  of  the  wooden  furniture  of  (he  house :  the  tables, 
chairs,  desks,  &c.  shared  the  same  fate  ;  not  a  whole  stick  was 
to  be  found  of  any  of  them.  Some  of  the  beds  that  were  found 
were  hanging  on  high  trees  at  a  distance.  Of  the  heavy  utensils, 
pewter,  kettles,  and  iron  pots,  scarcely  any  was  found.  Some 
sails  that  were  in  a  cask  in  the  east  chamber  were  driven  in  great 
Bvnbers  into  the  trees  on  the  eastern  side  of  the  house.  The  shop 
and  abed  before  mentioned  were  torn  in  pieces,  nothing  of  the 
shop  remained  but  the  siJls  and  floor ;  and  a  horse  standing  under 
tha  shed  was  killed.     Only  one  person  was  killed. 

Froaathe  whole,  it  seems  highly  probable  that  the  house  was 
swdiaafy  plucked  off  from  the  sills  (to  which  the  upright  posts  are 
not  fastened),  and  taken  up  into  the  air,  not  only  above  the  heads  of 
the  persons  who  were  on  the  lower  floor,  but  to  the  height  of  those 
parts  of  the  chimneys  which  <rere  left  standing,  where,  by  the  vio« 
IcBt  drcnlar  motion  of  the  air,  it  was  immediately  hurled  into  ten 
dMNisand  pieces,  and  scattered  to  great  distances  on  all  quarters, 
•Soapt  that  from  which  the  wind  proceeded.  And  it  further  ap« 
ly  that  the  violence  of  the  wind  in  that  place  was  over  as 
as  the  house  was  taken  up;  otherwi&e  no  person  could 
have  been  left  on  the  floor. 

IPhil.  Tram.  1761. 

7.  Whirlicind  at  Corne^Mbas  in  Dorsetshire. 

By  Mr.  J.  Dorby. 

On  Saturday  October  30,  1731,  about  a  quarter  before  one 
la  the  night,  there  happened  at  Corne.Abbas,  at  Dorsetshire,  a 
verjr  sudden  and  terrible  wind  whirl-puff,  as  Mr.  D.  calls  it: 
sa«a  say  it  was  a  water.spout,  and  others  a  vapour  or  exhalation 
teaa  the  earth*  It  began  on  the  south-west  side  of  the  town, 
pitting  directly  to  the  north-east,  crossing  the  middle  of  the  town 
In  braadth  900  yards.  It  stripped  and  uncovered  tiled  and  thatched 
ly  rooted  trees  out  of  tha  ground,  broke  others  in  the  midst, 
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of  at  least  a  foot  square,  and  carried  the  tops  a  cootiderable  way. 
The  sigo  of  the  new  inn,  a  sign  of  fire  feet  by  foor,  was  broken  off 
six  feet  in  the  pole,  and  carried  cross  a  street  of  forty  feet  breadth/ 
and  OTer  an  opposite  bouse.  It  took  off  and  threw  dowo  the  pi- 
Dacles  and  iMittlements  of  one  side  of  the  tower ;  by  tlie  fall  oC 
which,  the  leads  and  timber  of  great  part  of  the  north  aisle  of  the 
church  were  broken  in.  The  houses  of  all  the  town  were  so 
shocked,  as  to  raise  the  inhabitants.  No  hurt  was  done  but  oidy 
across  the  middle  of  the  town  in  a  line.  Nor  no  life  lost.  No 
other  part  of  the  neighbourhood  or  country  so  much  as  felt  or 
heard  it.  It  is  supposed  by  the  most  judicious,  that  it  began  aad 
ended  within  the  space  of  two  minutes.  It  was  so  remarkably 
calm  a  quarter  after  tweWe,  that  the  exciseman  walked  throigh 
two  streets,  and  turned  a  corner,  with  a  naked  lighted  candle  in  hb 
hand,  unmolested  and  undisturbed  by  the  air ;  and  as  soon  as  o?er, 
a  perfect  calm,  but  was  soon  followed  by  a  surprising  Tiolent  ndn. 

[PAfY.  Tran$.  1739. 

8*  Relmtion  of  tteo   contiderable  Hurricanes  in 

Northamptonshire  ♦. 

Uy  Mr.  John  Templer. 

October  SO,  1669,  between  fiie  and  six  o'clock  in  the  after- 
noon, the  wind  being  westerly,  at  Ashly,  in  Northamptonsbinf 
there  happened  a  formidable  hurricane,  scarce  bearing  sixty  yards 
in  its  breadth,  and  spending  itself  in  about  se?en  minutes  of  tbne. 
Its  first  observed  assault  was  on  a  milk-maid,  taking  her  pail  and 
hat  from  off  her  head,  and  carrying  her  pail  many  scores  of  yardi 
from  her,  where  it  lay  undiscoTered  some  days.  Next  it  stonncd 
the  yard  of  one  Sprigg,  iu  Westthorp,  a  name  of  one  part  of  the 
town,  where  it  blew  a  waggon  body  off  the  axle*trees,  breaking- 
the  wheels  and  axle* trees  in  pieces,  and  blowing  three  of  Iba 
wheels  so  shattered  over  a  wall :  this  waggon  stood  somewliat  cross 
to  the  passage  of  the  wind.  Another  waggon  of  Mr.  Salisbury's 
was  driTen  with  great  speed  on  its  wheels  against  the  side  of  Us 


•  Perhaps  these  oog bt  rather  to  be  called  tornados  or  whirlwiadt,  thao  liai^ 
ricaaes,  we  have  retained,  however,  the  term  employed  in  the  originaly  aad 
have  chiefly  copied  them  to  shew  how  nearly  the  whirlwind  and  Inirficaac 
are  iuiited.«-£i»iToa. 
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lN>ose«  A  bnoch  of  an  tsh-tree,  so  Urge  that  two  stont  meo  coald 
searce  lift  it,  was  blown  over  Mr.  Salbbor}  's  house,  without  hart« 
ing  it ;  and  yet  this  branch  was  torn  from  a  tree  100  yards  distant 
froB  the  bonse.  A  slate  was  carried  near  300  yards,  forced  npoa 
a  window  of  the  house  of  Samuel  Templer,  Esq.  and  very  Boch 
bent  an  iron-bar  in  it.  Not  to  take  notice  of  its  stripping  of  se. 
fcral  houses ;  one  thing  is  remarkable,  which  is,  that  at  Mr. 
Maidweirs  it  forced  open  a  door,  breaking  the  latch ;  thenee  pass- 
ing through  the  entry,  and  forcing  open  the  dairy  door,  it  orer. 
fenrntd  the  milk  ?essels,  aod  blew  out  three  panes  or  lights  in  the 
wiadoir  ••  next  it  mounted  the  chambers,  and  blew  out  nine  lights 
■ore.  It  tore  off  a  great  part  of  the  roof  of  the  parsonage- hmise. 
It  Mew  a  gate-post,  fixed  two  feet  and  a  halMn  the  ground,  ont  of 
the  cnrth,  and  carried  it  many  yards  into  the  fields. 

Thnotber  instance  was  October  13,  1070,  at  Bray  brook,  like« 
mlm  tai  Northamptonshire,  about  eleven  o'clock ;  when  the  wind, 
tn  a  ftorni,  assaulted  a  pease. rick  io  the  field,  uncovering  the  thatch 
of  ity  without  touching  another  only  twenty  yards  off.  Thence 
it  proceeded  also  to  the  parsonage,  by  a  narrow  current,  scarce 
^ght  yards  in  breadth,  blowing  up  the  end  of  a  barley-rick,  there- 
with  some  stakes  in  it  of  near  ^ve  feet  long ;  without  touching  a 
vhestJiOTel,  within  six  yards  of  the  barley.rick.  It  beat  down  a 
iack*daw  from  the  rick  with  that  violence  as  forced  the  guts  out  of 
Jm  body,  and  made  it  bleed  plentifully  at  the  mouth.  Thence  it 
vettt  in  m  right  line  to  the  parsonage-house,  and  took  off  the  cover 
if  all  the  houses  in  its  compass.  From  hence  it  passed  over  the 
owa  witlM>at  any  damage,  the  rest  of  the  town  being  low  in  situ. 
itiooy.  and  went  on  to  a  place  called  Forthill,  where  it  uncovered 
lo  MBch  of  a  malt-house  as  lay  within  its  line  and  breadth. 

Braybrook  stands  in  a  valley,  environed  by  hills  on  three  sides. 
It  tkroe  quarters  of  a  mile  distance  from  it  There  is  also  a  Kill 
allad  Clackhill,  within  a  mile  of  it,  and  exactly  io  that  point  of 
ie  compass  in  which  the  wind  then  blew :  no  other  hill  in  its 
vay  tyi  the  wind  lad  passed  over  all  the  places  it  damaged.  These 
lava  also  been  two  earthquakes  in  this  town  within  these  ten  years, 
with  little  or  no  wind. 

IPhil.  Trans.  1671. 
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9.  Fiertj  IVhirliciml  at.  Hulk  ham  ^  Norfolk. 
By  the  Ri.*lit  Honorable  I'homai  Ltird  Lovell,  F.R^. 

SiiME  of  Lord  LovrlPs  ploughmen,   being  at  work,   about  th« 
miildle  of  August  I74K  oii  ;i  fair  day,  at  ten  o^clock  in  the  moia* 
ini;,  saw  on  a  hoath  about  a  quarter  of  a  mile  from  them,  a  hIimI 
liko  a  whirlwind,  come  gradually  towards  them,  in  a  straight  line 
from  east  to  west.     It  passed  through  the  field  where  they  wera  at 
plough,  tore  up  the  stubble  and  ijrass  in  the  ploughed 'ground|  Cir 
two  inilos  in  length,  and  thirty  yards  in  breadth.     When  it  ettM 
to  ^ome  closes  at  the  top  of  a  rising  ground,  some  mea  there  mw 
it  appear  like  a  great  flash  or  ball  of  tire.      To  some  others  if  ip« 
prared  as  a  Gre,  and  some  saw  only   a  smoke,  and  heard  such  a 
noise  as  firo  makes  when  a  barn  is  burning,  and  the  wind  makhy 
a  tfrrible  noise,   like  that  of  a  violent  fire,   or  like  carts  OTer  i 
stoney  ground,  which  passed  by  a  house,  tearing  up  the  stones  h 
the  road  ;  it  tore  up  a  rank  of  pales,  sprung   several  of  the  posts 
out  of  their  places  and  carried  a  pewter  plate   tliat  stood  on  the 
ouf«;ide of  the  window  about  forty  yards  from  the  house;   also  s 
l«ir;;e  box-corer,   about  an   inch  and  a  half  thick  and  fovr  feet 
square  and  crossbar  red,  was  carried  away  much  farther^  and  tors 
all  to  pieces ;  and  the  gravel  and  stones  flew  about  like  featheili 
It  also  broke  down  some  fences,  and  frightened  the  cattle.     And, 
what  is  very   remarkable,  every  where  else  but  in   this  plaiSei  thr 
weather  was  clear  and  fine,  and  no  sign  of  any  storm  or  dbtni^ 
ance  whatever.     There  was  a  strong  smell  of  sulphur,  both  balbft 
and  after  the  wind  passed,  and  the  noise  was  heard  a  great  whOf 
aft(.T  seeing  the  smoke.      They  said  it  moved  so  slowljr  fbmid^ 
as  to  be  near  ten  minutes  in  coming  fiom  the  closes  to  the  hoiiM 

IPhil.  Traru.irm. 

10.  IVhirlioinds  of  Sand, 

It  not  unfroquf  nrly  happens  that  the  same  violence  of  wlndatff 
exhibiting  a  similar  eddy,  takes  place  in  the  sandy  deserlf  if 
Africa  and  Arabia,  and  has  occasionally  swallowed  up  in  its  tiv- 
tncndous  vortex  caravans  and  whole  armies.  — -^  . 

Mr.  Bruce  has  given  a  spirited   description  of  one  or  two  ef 


« 
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these,  of  which  he  waa  an  eye  witness.      *^  At  one  o*cIock,*'  says 
he,    ^^  we  alighted  among  some  acacia  trees  at  Waadi  el  Halboub, 
ha? iog  gone  twenty.one  miles.     We  were  here  at  once  surprised 
and  terrified  by  a  sight,  surely  one  of  the  most  roagnifij^nt  in  the 
world.    In  that  Tast  expanse  of  desert,  from  W.  to  N.W.  of  us, 
we  saw  a  number  of  prodigious  pillars  of  sand  at  different  dis- 
tances, at  times  mo? ing  with  great  celerity,  at  others  stalking  on 
with  a  majestic  slowness  ;  at  iutertals  we  thought  they  were  com- 
ing in  a  Yery  few  minutes  to  overwhelm  us ;  and  small  quantities 
of  sand  did  actually  more  than  once  reach  us.     Again  they  would 
retreat  so  as  to  be  almost  out  of  sight,  their  tops  reaching  to  the 
▼ery  clouds.     There  the  tops  often  separated  from  the  bodies,  and 
these,  once  (U^oined,  dispersed  in  the  air,  and  did  not  appear 
more.    Sometimes  they  were  broken  in  the  middle,  as  if  struck  with 
large  cannon-shot.     About  noon  they  began  to  advance  with  con- 
siderable swiftness  upon  us,  the  wind  being  very  strong  at  north. 
EleTen  of  them  ranged  along  side  of  us  about  the  distance  of  three 
miles.     The  greatest  diameter  of  the  largest  appeared  to  me  at 
that  distance  a»  if  it  would  measure  ten  feet.     They  retired  from  us 
with  a  wind  atS.£.  leaving  an  impression  upon  my  mind  to  which  I 
can  give  no  name,  though  surely  one  ingredient  in  it  was  fear,  with 
a  considerable  deal  of  wonder  and  astonishment.      It  was  in  vain 
to  think  of  flying  ;  the  swiftest  horse,  or  fastest  sailing  ship,  could 
be  of  no  use  to  carry  us  out  of  this  danger  ;  and  the  full  persuasion 
of  this  rivetted  me  as  if  to  the  spot  where  I  stood. 

*'  The  same  appearance  of  moving  pillars  of  sand  presented 
themselves  to  us  this  day  in  form  and  disposition  like  those  we  had 
seen  at  Waadi  Halbonb,  only  they  seemed  to  be  more  in  number 
and  less  in  size.  They  came  several  times  in  a  direction  close  upon 
us,  that  is,  I  believe,  within  less  than  two  miles.  They  began 
immediately  after  sun  rise,  like  a.thick  wood,  and  almost  darkened 
the  sun.  His  rays  shining  through  them  for  near  an  hour,  gave 
them  an  appeanmce  of  piilara  of  fire.  Our  people  now  became 
desperate,  the  Qreeks- shrieked  out  and  said  it  was  the  di^y  of 
jlidgmeot ;  Ismael  pronounced  it  to  be  hell ;  and  the  Turcorories, 
that  the  world  was  on  fire  *." 

9r.  Darwin  has  given  an  animated' and  correct  description  of 

•  Bracc*i  Tiaveb,  vel.  IV.  p«  599-659. 
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ttiis  fearful  phenomenon  in  the  following  rersei  of  his   Botanic 

Garden. 

'*  Now  o*er  their  head  the  whizzing  whirlwindi  breathe. 
And  the  live  deiert  pants,  and  heaves  beneath  i 
Tinged  by  the  crimson  bud,  vast  columns  rise 
Of  eddying  sands,  and  war  amid  the  sliies. 
In  red  arcades  the  billowy  plain  sarround. 
And  stalking  turrets  dance  upon  the  ground. 
— Long  ranks  in  vain  their  shining  blades  extend, 
To  Demon-Gods  their  knees  unhallowM  bend. 
Wheel  in  wide  circle,  form  in  hollow  square. 
And  now  they  front,  and  now  they  fly  the  war, 
Pierce  the  deaf  tempest  with  lamenting  cries. 
Press  their  parch*d  lips,  and  close  their  blood-shot  eyes. 
— Gmomes!  o'er  the  waste  rou  led  your  myriad  powers* 
Climbed  on  the  whirls,  and  aim*d  the  flinty  showers!— 
Onward  resistless  rolls  the  infuriate  surge. 
Clouds  follow  clouds,  and  mountains  mountains  urge^ 
Wave  over  wave  the  driving  desert  swims. 
Bunts  o*er  their  heads,  inhumes  their  struggling  limbs; 
Man  mounts  on  nuin,  on  camels  camels  rush. 
Hosts  march  oVr  hosts,  and  nations  nations  crush,— 
Wheeling  in  air  the  winged  Islands  fall. 
And  one  great  earthy  Ocean  covers  all  !— 

EntTORt 


CHAP.  XLL 

THE  PRB8TBR/OR  WATER-SPOUT. 
SECTION  I. 

General  Remarks, 

Many  of  the  preceding  meteors,  or  atmospherical  phoenomenai 
and  especially  those  described  under  the  name  of  hurricanes,  tor. 
nadoeSi  and^whiriwinds,  are  connected,  as  we  have  occasionallj" 
hinted  at  already,  with  the  electric  stat%  of  the  atmosphere.  We 
Aow  adTance  to  a  meteor  that  is  still  more  decidedly  of  this  com* 
pound  character,  and  which  seems  to  be  a  corobiDafion  of  wtad| 
aqueous  fapour,  and  electric  fluid. 
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The  exittencc  of  this  siBgular  and  most  active  pbzoamenou  lias 
etn  long  knoitD  to  the  philo»o|jliii'3l  world:  and  by  the  Greeks, 
iiJ  after  them  by  the  Komaas,  was  desciibed  under  the  oame  uf 
'rentes,  which  impoMs  a  fiery  Quid  of  some  klud  or  other, 
laistndl,  indeed,  contended  ihat  the  Preater  of  llie  aucients  was 
mere  lornado  or  whirlwind,  hut  this  was  before  the  nature,  or 
veil  the  existence,  of  electricity,  as  a  definite  power,  had  hoen 
ccurately  ascertained,  however  suspected  formerly ;  and  vre 
kve  already  observed  *,  that  Mr.  Capper,  iu  the  preceding 
liapter,  has  been  betrayed  by  so  learned  a  guide  into  the  same 
rror,  and  has  regarded  the  Prestei  as  a  whirlwind  or  lurnado 
f  a  peculiar  species.  To  prove  this  error  nothing  more  is  ne. 
Msary  than  to  quote  the  description  of  the  Prester,  as  given  by 
■acretius,  and  to  follow  up  tite  quotation,  with  iha  eiplaiialiua 
f  his  learned  translator  :  by  which  it  will  abundantly  appear, 
liat  the  Prester,  like  the  spout  of  the  prt-sent  day,  was  regarded  as 
nth  a  sea  and  land  meteor,  or  in  other  words  as  filled  with  ivater, 
ind  without  water ;  the  term  being  more  properly  applied  to  the 
Wmer,  aad  tlie  Utter  being  correctly  regarded  and  called  a  mimic, 
n  imitative  Prester,  in  reality  the  fiery  wirlwind  or  hurricane 
fbich  we  have  already  noticed  in  one  or  two  of  the  articles  of  the 
Mt  section  of  the  preceding  chapter,  or  a  phxnomcnoa  most 
lloKly  allied  to  it. 
The  passage  we  advert  to  is  as  fullowa  i  lib.  vi.  492. 
Quod  super  est,  facul  est  ex  bits  cagnuscere  rebus, 
n^igsT^pa;  Griiiei  quos  ab  re  nominitarunt, 
Ib  mare  quA  missei  veiiiant  ratione  superne. — See,  Ac. 

Hence,  with  much  ease,  the  meteor  may  we  trace 
Term'd,  from  its  essence,  Puester  by  the  Gkeeks, 
That  oft  from  heaven  wide  buvers  o'er  the  deep, 
like  a  vast  column,  gradual  from  the  skies, 
Prone  o'er  the  wares,  descends  It;  the  vext  tide 
Boiling  amain  beneath  its  mighty  whirl, 
And  with  destruction  sure  the  stoutest  ship  ■•  • 

Threal'iiing  that  dares  the  boist'rous  scene  approach. 
Thus  solve  th'  uppesrence  ;  that  the  maniac  uind, 
In  cloud  tempestuous  pent,  when  uuempowt^r'd 
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To  burst  ill  bondage,  oft  the  cloud  itself 
Stretches  cjlindric,  like  a  spiral  tube 
From  hea? eo  forc'd  gradual  downwards  to  the  deep  ; 
As  though  some  viewless  hand,  it!  frame  transpierced^, 
With  outspread  palm  had  thrust  it  from  above. 
This,  when,  at  length,  the  captiv'd  tempest  rends^ 
Forth  flows  it,  fiery,  o*er  the  main,  and  high 
Boils  from  its  base  th*  exaggerated  tide. 
For,  as  the  cone  descends,  from  every  point 
A  dread  tornado  lashes  it  without, 
In  gyre  perpetual,  through  its  total  fall: 
Till,  ocean  gaih'd,  the  congregated  storm 
Gives  its  full  fury  to  th'  uplifted  waves, 
Tortur'd,  and  torn,  loud  bowling  mrdst  the  fray. 
Oft,  too,  the  whirlwind  from  the  clouds  aroomi 
Fritters  some  fragments,  and  itself  involves 
Deep  in  a  cloudy  pellicle,  and  close 
Mimics  the  prester,  lengthening  slow  from  heaven; 
Tilly  earth  attained,  th'  involving  web  abrupt 
Bursts,  and  the  whirlwind  vomits  and  the  storm. 

« 

Yet,  as  on  earth  the  mountain's  pointed  tops 
Break  oft  the  texture,  tubes  like  these,  at  laud 
Far  rarer  form  than  o*er  the  marble  main. 

Goo9» 

The  translator's  note  upon  this  passage,  in  ezpositioa  of  Hi 
author,  is  as  follows,  and  we  give  it  as  aflbrding  a  clear  explaaa* 
tion  of  the  nature  and  properties  of  this  most  singular  and  powerM 
meteor : 

^'  Having  discussed  the  phaenomenon  of  thunder  and  lightning,  hi 
now  proceeds  to  consider  those  of  the  water-spout,  and  tlie  hnni* 
cane :  and  it  is  truly  curious  to  observe  how  minutely  ho  concifli 
with  the  philosophy  of  the  present  day,  in  regarding 
A^teqr^of  a  similar  nature  and  origin.  Presietj  indeed, 
port  informs  us,  is  a  Greek  word  signifying  a  fiery  or  inflamnta 
tory  intumescence ;  and  such,  he  asserts,  is  the  essence  ef  whidl 
this  meteor  (the  water-spout)  consists :  whence  it  is  obvious,  that 
the  term  venfus^  or  vine/,  applied  to  it  immediately  afterwards,  is 
employed  genericailyi  to  express  an  elastic  gas  or  ether,  for  which 
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Larrctin  feaiid  to  definite  exprruion  in  faia  uwn  langoage,  rnther 
ttiB  tfae  natiiTp  «f  wiod  propprly  so  called.  It  is  an  igneous  or 
.fiBjnra,  not  indeed  in  the  op«n  act  of  combuslion,  but  com. 
'fwrd  of  the  fiiieM  and  most  minute  particles  of  a  peculiar  speciei 
(/  ttemealary  fire,  whirh,  in  a  more  concentrated  form,  woald 
Mcemriljr  bcrome  luminous  and  burning. 

"  Gauendi,  iadeed,  contends,  thai  ibe  Epicurean  prester  is  Dot 
■  igneooE  meteor,  bnt  a  mere  vorlei  of  elastic  air.  But  there 
Ha  be  no  doubt  of  bis  being  mUlaken  ;  for  Lucretius  not  only 
■plof  s  a  term  to  vhicb  fire,  in  some  modification  or  other,  either 
IhMnlary  or  combined,  is  necessarily  attached,  but  refers  us,  in 
{k  apening  of  the  discussion,  by  way  of  eiplanition,  to  the  con- 
tfamt  particles  of  lightning,  which,  he  expressly  declares,  con- 
ht  of  the  Tery  Guest  and  most  attenuate  fiery  atoms. 
'  "  Fiery,  too,  and  of  the  common  essence  of  lightning  is  this 
IMror  asserted  to  be,  by  the  philosophy  of  the  present  day.  Foi 
tls  regarded  as  an  electrical  pb:enomenon  ;  as,  indeed,  is  almost 
kery  atmospherical  meteor,  as  well  as  a  great  varii-ty  that  are 
iblvrranratts.  In  describing  the  powers  aud  operation  of  the 
iMnder-cIoud,  io  nute  un  t.  25S  abore,  I  hare  noticed  its  wonder. 
bl  facnlty  of  attracting,  with  almost  instantaneous  speed,  the 
|||hter  and  ndsctlitious  clauds  in  its  vicinity,  as  I  hare  also  its 
IbniSiion  fo  the  stiU  mure  tlrui^ly  ariractive  power  of  that  part 
l^the  earth  which  lies  immediately  beneath  it,  in  a  slate  of  nega- 
||i  electricity,  eiidenced  by  its  dipping  downwards  either  In  rag. 
H  wu)  nnltiform  fragments,  or,  where  the  film  of  the-  cloud  is 
■Mr,  ia  more  regular  and  unbroken  protuberances.  Ketainiug 
pa  these  simple  facts  In  our  recollection,  it  will  not  be  difficult 
IpROcoant  for  the  phxnoDienoa  of  the  prester,  or  wster.ipout, 
|n  tbe  principles  of  the  electric  theory, 

1^  A  tiluuder.cloud,  or  cloud  filled  with  electric  matter,  is  first 
■iced  to  appear  at  sea  in  a  sky  so  serene  as  to  be  totally  destitnte 
MJscititioDs  clouds,  and  iii  in  atmosphere  so  dry,  as  to  be  pos. 
It  of  very  little  and  impalpable  vapour.  Such  is  the  gener^ap.  • 
jpnnce  of  the  horizon  on  the  comaicnrement  of  the  water-spout. 
kcacb  a  tiloaliun,  a  thunder-storm  canuot  be  the  result,  for  want 
pflte  confederaie  assistance  of  additional  clouds  and  vapours :  but, 
pm  tlie  circumstances  enumerated  above,  a  very  caiiiideriible 
trtioo  of  mutual  attraction  mtisl  Uke  place  between  this  isolated 
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cloud,  and  the  portion  of  the  sea  immediatelj  beneath  it,  mere 
especially  if  the  sea  be  at  this  time  negatively  electrified,  or  detti* 
tute  of  the  electric  power  of  which  the  cloud  has  a  Tast  rarplai* 
From  this  mutual  attraction,  the  water  directly  nnder  the  dodi 
will  become  protuberant  upwards,  rising  like  a  hill  towards  th» 
cloud  abof  e,  which,  in  the  phenomenon  we  are  now  desciibim, 
it  always  does,   and  the  cloud  aboTe  will  become  protnbtiHt 
downwards,  elongating  itself  towards  the  elerated  portion  of  wiAir 
beneath.     If,  in  this  action  of  straining,  the  texture  of  the  ctai 
be  Tery  slight,  It  will  burst  into  a  thousand  fragments,  and  ii 
electric  matter  contained  within  it  will  be  quietly  dittipatcd|  ir 
attracted  to  the  ocean ;  but  if  it  be  stronger  and  more  ▼isoow,  I 
will  continue  to  stretch  without  bursting ;  and,  like  o^eij 
elastic  substance,  the  more  it  stretches,  the  narrower  wHl  bt 
projected  tube.    Snch^  to  the  mariner,  is  the  actual  appeaiaaeirf 
the  column  of  the  water-spout,  precisely  resembling  a  ^fw^*i^ 
trumpet,  with  its  base  or  broader  part  uppermost.     When  Ai 
mouth  of  this  projected  tube  touches  the  rising  hillock  of  water,  if 
the  attraction  of  the  negatively  electrified  ocean  be  anpeiior,  thi 
electric  aura,  we  may  naturally  suppose,  will  be  dmwn  dowfr 
wards,  and  the  empty  cloud  be  totally  dissipated ;  bnt,  as  Hi 
generally  occur  in  the  case  of  a  positife  force  applied  to  ancgilili^ 
if  the  attraction  of  the  electric  cloud  prore  Tictorioua,  it  will  C$h 
tinue  to  suck  up  the  rising  hillock  of  water  till  it  ia  altofsin 
sated,  and  can  hold  no  more*     At  this  time  the  clond  mmt  nMk 
sarily  burst  from  its  own  weight  and  distention,  and,  In  prapiithi 
to  its  size,  and  the  deluge  of  water  and  electricity  it  dischirgw,  ll 
be  the  mischief  produced.     It  b  said,  that  it  may  occailonallf  ll 
rent,  at  a  distance,  by  making  a  violent  noise,  on  boaidtbed|f 
in  which  it  is  perceived,  by  files,  saws,  or  other  diicntdaatifc 
stniments ;  and,  certainly,  whatever  will  tend  to  agitato  tti  ikf 
in  any  considerable  degree,  affords  some  prospect  of  brnnki^git 
cloudy  film,  and  thus  dispersing  the  meteor :  bnt  tlio  nom  osl* 
nary  method  of  shooting  at  it  from  guns  of  a  large  calibre,  gh** 
much  stronger,  and,  indeed,  almost  certain  chance  of  tneoaie:  ftv 
no  mechanical  power  can  agitate  the  surrounding  atmoaphsffs  If 
any  means  so  forcibly  as  the  report  of  a  large  cannon :  and  if  Rli 
loaded  with  ball.  It  will  giTe  a  double  prospect  of  dbdiargiii|tti 
contents  of  this  tremendous  spectacle.** 


OK  TBS  PHESTBK,  OR  WATEU-SPOUT.  S6| 

Upon  thai  put  of  tke  deKriptioD  which  nlatn  la  Ihe  mimic 
prater,  Ur.Good  obierTesM  followi:  '*  LacreliiisheKallDdcjt* 
Meteors  of  a  similar  description,  but  Dot  quite  so  tremendous  ia 
their  rflact:  and  ii  gentnlly  luppotetl  to  refer  to  the  hurricane, 
•r,  u  tbc  Greeks  termed  it,  txitfia  ;  which  is  e^uallj  an  clectri. 
Ol  pliKDOinenoii,  and  may  be  regarded  as  a  prester  occurring  on 
couKquentl/  ai  an  electric  cloud  filled  with  ela&lic  ai« 
Wl/f  or  other  vapour*  rcct-ived  from  the  atmosphere,  aod  nut 
ilAm  with  water.  It  is  produced  in  ihe  same  msnner  as  the  sta. 
has  the  same  kiod  of  elongated  lube  reachitig  towards  ibe 
Mgstively  electrified  portion  of  the  earth  l>y  which  it  is  attracted, 
fad  it  accompanied,  preiioui  to  its  huriting,  by  a  similar  tornado 
If  external  air.  This  elougat<^d  tube,  as  well  as  the  substance  of 
Ifea  doud  iticir,  in  the  time  of  Sbakspeare,  was  supposed  lo  bare 
b  film  Of  fibres  condensed  and  rendered  firmer  by  the  operation  of 
^^  rays  of  tlie  sun  ;  but  there  is  no  necessity  for  lucb  an  idea : 

the  dreadful  spout 

Which  shipmen  do  the  burricanu  call, 
Conatring'd  in  mass  by  (he  almighty  sun. 

Troilus  and  Chessidi. 

**  We  nay  acemint  for  the  phenomenon  in  Ihiri  manner  :  that  the 
hJrXy  dovd,  in  consequence  of  a  more  eleratcd  po^iition  ihao 
Misary  in  the  atmosphvre,  at  the  time  it  commences  its  attraction 
the  water  below,  satiates  and  distends  itself,  by  m«ans  of  its 
with  absorbed  air  alone,  prior  lo  the  actual  contact  of 
:b  proboscis  with  the  hillock  of  rising  water ;  so  (hat,  by  tb« 
te  this  elongating  spout  extends  to  Ihe  attracted  hillock,  it  is 
btally  incapable  of  containing  any  thing  farther." 

Carallo  thinks  electricity  rather  a  consequence  than  a  cause  of 
VatCT-spouts  :  and  notices  that  they  sometimes  vanish  and  reappear. 
Franklin,  in  his  work  on  electricity,  coni^ires  a  vacuum  is  made 
igr  th«  rotatory  motion  of  ihe  ascending  air,  as  when  water  is  run. 
"  ig  through  a  tunnel,  and  that  the  water  of  the  sea  is  thus  jj^jed,*-' 
Bet  it  is  justly  observed  bj  Dr.  Young,  that  no  such  cause  as  this 
■etild  do  more  than  produo'  a  slight  rarefarlion  of  the  air,  much  less 
■aiw  the  water  to  above  thirty  or  forty  feel.     At  the  same  time  the 
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fjrcp  of  the  wind  thus  excited  might  carry  np  miich  water  bdf. 
tached  drops,  as  it  is  really  obseried  to  exist  in  water-sponti.  Jk, 
Youn^  remarks,  moreoTor,  in%nother  passage,  that  the 
of  wat<^r.spt>uts,  if  not  of  electrical  origin,  appear  to  bat* 
connexion  with  electrical  causes.  A  water-spoat  generallj 
of  large  drops,  like  a  dense  rain,  much  agitated,  and  desoentflfli 
ascending  w  if  h  a  spiral  motion,  at  the  same  time  that  th^  wholalfiil 
is  carried  along  horizontally,  accompanied  in  general  by  a  nw<l)inii 
that  of  the  dashing  of  waves.  Spouts  are  sometimes,  althoaglLTCnlfy 
obserTeJ  on  shore,  but  generally  in  the  neighbourhood  oC 
They  are  commonly  largest  above ;  sometimes  two  conea 
the  one  from  a  cloud,  the  other  from  the  sea  below  it^  to 


other,  the  junction  being  accompanied  by  a  flash  of  lightlliaM/;Ml 

when  the  whole  spout  has  exhibited  a  luminous  appearaM|if^l|lM 

•  I,' 

perhaps  served  to  conduct  electricity  slowly  from  the  clowh#ii 
earth.  Some  of  these  circumstances  may  be  eiplainod  JjgfML 
derin;;  the  bpoutas  a  whirlwind,  carrying  up  drops  of  mmUfl$lk\ 
it  has  separated  from  the  surface  of  the  waves;  and  thm ^gmkkr 
may  perhap;»  be  deduced  from  the  co-operation  of  elecllii||ri  ^ 
ready  existing  in  a  neighbouring  cloud* 

SECTION    II.  J' 
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1.  Observed  in  the  Mediterrantan,         ^-i-. 

By  Alexander  Stuart. 

August  ^7,  1701 ,  being  on  the  coast  of  Barbaiy,  to  Ihaaorth- 
ward  ot  the  town  of  Bona,  upwards  of  ten  leagues  diataM)^ at Ni| 
about  seven  o'clock  at  night,  soon  after  sunset,  there  a|ig||pndii 
the  N.K.  uhich  was  directly  up  the  gulf  of  Lyons  boniVPi  p^ 
and^^ntinued  flashes  of  lightning,  one  after  another^  witkhudlf 
any  intermission^  and  this,  without  thunder,  it  continood  tiU  tk 
next  morning;  the  flashes  of  lightning  sometimes  reprtaeptlm tk 
sudden  ^ippcarance  of  a  star,  and  at  other  times  of  a  flaming  ■vordf 
and  again  of  a  silver  cord  stretched  along  the  clonds,  or  aa  tte  irre- 
gular rents  of  a  phial  from  top  to  bottom.     About  eight  ntzt  mora- 
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iof  we  hill  thunileriRg,  «i[h  a  cootlnuation  of  lightning  of  tbe  kind 
Mi4  appnrance  as  before,  >l)  from  tbe  N.F.  or  nearly  so. 

About  nine  lbe»me  moroing,  there  (vU  dawn  from  the  clouds, 
which  looked  bUck,  lowering,  and  as  it  were  heary  itith  rain,  io 
tbeN.E  three  w at er.spauti  ;  that  in  ihemidJIe,  being  the  greale't, 
teemed  as  Urge  nf  the  mast  «f  a  ship,  anil  I  judged  it  to  be  at  least 
t  league  and  a  hitf  distant  from  us  ;  io  Ihat  in  it^lf  it  was  doabt- 
Int  larger  than  three  masts.  The  other  (wo  were  not  half  the  size. 
All  oftfaeni  were  black,  like  the  clouil  from  whence  they  fell;  and 
naooth,  withoDt  any  knot  or  irrpgnlarity ;  only  at  first  falling, 
tome  fell  jierpendicolarly  down,  and  some  obliquely,  and  all  of  them 
«maner  at  the  lower  end  than  abore,  retiresenting  a  sword  ;  some' 
limes  also  one  of  them  would  bend,  and  become  straight  again,  and 
also  sometimes  became  smaller,  and  again  increase  its  bulk  ;  some, 
times  it  would  disappear,  and  immediately  fall  down  again;  at 
other  times  it  became  extenuated  to  the  sraaUoess  of  a  rope,  and 
again  became  gross  as  before. 

Tlwre  was  always  a  great  boiling  and  flying  up  of  the  sea,  as  in 
ajct  d*nd,or  water-work  ;  or  this  rising  of  the  water  had  tbe  ap. 
pesraoce  of  a  chimney  smoking  io  a  calm  day.  Some  yards  abore 
tbe  surface  of  the  sea,  (he  water  stood  like  a  pillar,  and  (hen  «pri-ad 
itself,  and  was  dissipated  like  smoke :  and  (be  sword. like  spnot 
from  the  clonds  either  came  down  to  the  very  middle  or  Ibis  pillar, 
as  if  it  had  been  joined  with  it,  as  the  largest  pillar,  which  fell  per- 
pendicularly (Town,  always  did  from  the  beginning  to  the  end ;  or 
else  it  pointed  to  this  column  of  water,  at  some  distance,  either  in  a 
pcrpcndicniar  or  oblique  line,  as  did  the  two  other  lesier  ones. 
There  were  three  or  four  spouts  more,  which  appeared  at  (he  same 
time  in  the  same  qoarter  of  the  heaiens ;  but  not  like  the  three 
former,  either  for  bulk  or  duration  :  these  last  appeared  and  disap. 
peared  sereral  times,  during  the  continuance  of  thvse  three  afore- 
said. 

It  was  hardly  distiaguishable  whether  tbe  sword-like  spuni  fell 
frrst  flown  from  the  cloud,  or  the  pillar  of  water  rose  first  from  the 
sea;  both  appearing  opposite  to  each  other  alt  of  a  suil' 
observed  of  one  of  them,  that  the  water  boiled  up  from  the  sea  Io  a 
great  height,  without  the  last  appearance  of  4  ipout  pointing  to  it, 
either  perpendicularly  or  obliquely  ;   and   here   (he   water  of  the 

ITcr  cane  together  in  the  form  of  a  pillar,  but  rose  up  scat. 


■^ 
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teredly,  the  sea  boiling  fariously  round  the  place.  The  wind  being 
then  N.£.  the  said  boiling  advanced  towards  the  S.W.  as  a  flitting 
or  moTing  bush  on  the  surface  of  the  sea,  and  at  last  ceased.  This 
shows  that  the  boiling  or  flying  up  of  the  water  of  the  sea  may  be* 
gin  before  the  spout  from  the  cloud  appears  :  and  indeed,  if  there 
be  any  small  matter  of  priority  between  these  two  appearances,  tha 
boiling  or  throwing  up  of  the  sea-water  has  it ;  which  first  begiiis 
to  boil,  and  then  forms  itself  into  a  pillar  of  water,  especially  on 
the  lower  part. 

It  was  obserrable  of  all  of  them,  but  chiefly  of  the  large  pillari 
that  towards  the  end  it  began  to  appear  like  a  hollow  caiuU,  oaly 
black  in  the  borders,  but  white  in  the  middle ;  and  though  at  fint 
it  was  altogether  black  and  opaque,  yet  one  could  Tery  distiactly 
perceive  the  sea-water  to  fly  up  along  the  middle  of  this  canal,  as 
imoke  does  up  a  chimney,  and  that  with  great  swiftness,  and  a  my 
perceptible  motion  :  and  then  soon  after,  the  spout  or  canal  bant 
in  the  middle,  and  disappeared  by  little  and  little;  the  boilliigip 
and  the  pillar.like  form  of  the  sea-water  continuiogalwaystlielut^ 
eTen  for  some  considerable  time  after  the  spout  disappeared,  and 
perhaps  till  the  spout  appeared  again,  or  reformed  itself,  which  it 
commonly  did  in  the  same  place  as  before,  breaking  and  forming 
itself  again  several  times  in  a  quarter  or  half  an  hour. 

I  know  not  if  any  one  has  accounted  for  this  phaenomenon  ;  bol 
1  imagine  it  may  be  solved  by  suction^,  or  rather  pulsion,  as  in  the 
application  of  a  cupping.glass  to  the  flesh,  after  the  air  is  first  ex- 
hausted by  the  kindled  flax. 

It  was  further  observable,  that  the  oblique  spouts  pointed  always 
from  the  wind;  that  is,  that  the  wind  being  at  N.E.  the  obliqne 
spouts  always  pointed  to  the  S.W. ;  though  at  the  same  time  there 
were  uthers  perpendicular,  which  still  continued  so,  notwithstand. 
ing  the  wind.  Also  that  such  as  were  curved,  had  always  the  con. 
vex  side  from  the  wind,  and  the  concave  towards  it ;  that  is,  the  wind 
being  at  N.E.  the  concETe  was  towards  the  N.E.  and  the  contei 
towards  the  S.W.  It  rained  a  great  deal  during  the  continuance 
olTiiftlfrrp^uts ;  and  after  their  total  disappearance,  there  was  half 
an  hour's  violent  storm  from  the  N.E.  with  very  little  rain;  but 
afterwards  the  weather  cleared  up. 

IPhil.  Trans.  17OT. 
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'o/  Water  Jrom  a  Spout  on  the  Moon  on  Lancashire. 

By  Dr.  Rick.  RifhardEoii. 

This  remarkable  spnutfell  on  Emott.moor,  near  Coin,  in  Lan- 

cuhife,  Jane  3,  1718,  about  tpn  in  the  noTnin^.     Sevpral  persuiis 

who  w«re  digging  peat  near  the  place  vhere  Ihis.iccideDtliappened, 

on  n  nudden  were  so  terrified  with  an  unusual  noi>ie  in  the  air,  Ibat 

tbej' left  their  work   and   ran  home,   which  was  aliout  a  mile  frotn 

II  (he  place  :  but  to  their  greatsurprise  they  Htreintercepfed  by  wa- 

i|  (er  ;  for  a  small  brook  in  the  way  was  risen  above  six  feet  perpen. 

dicnlir  in  a  few  minutes  time,  and  had  OTerllown  the  bridge.  There 

I    was  no  rain  at  ihat  time  on  Emott.moor,  only  a  mist,  which  Js  rery 

i|  frequent  on  those  high  mounlains  in  sumniL-r.     There  was  a  great 

I  dmrkness  in  the  place  where  the  water  fell,  without  either  thunder 

'I   or  lightning.     The  meadoMs  at  Wicolae  were  so  much  Hooded, 

,'    tlutt  tlie  like  had  not  been  seen  in  scTera]  yeara  bvfore,  though  it 

was  Ibere  a  very  bright  day, 

1  went  to  view  the  place  where  the  water  fell ;  though  I  believed 

this  inundation  might  proceed  from  an  eruption  of  water  out  of  the 

I    ilde  of  the  mountain;  such  being  not  unfreqnent,  where  lead  or 

I    coal  bare  been  dug,   but  neither  hare  ever  been  wught  for  here. 

'    On  approaclilng  the  piace,  I  was  struck  with  unspeakable  horror, 

i    tlie  ground  was  torn  up  to  the  very  rock,  where  the  water  fell, 

which  was  above  seven  feet  deep,  and  deep  gulph  made  for  above 

I    half  a  mile,  and  vast  heaps  of  earth  cast  up  on  each  side  of  it,  some 

i    pieces  remaining  yet  above  twenty  feet  over,  aud  six  or  seven  feel 

I    lliick.     About  ttn  acres  of  ground  were  destroyed  by  this  flood. 

The  first  breach,   where  the  water  fell,   IS  about  sixty  feet  over, 

I    ud  DO  appearance  of  any  eruption,   the  ground  being  firm  about 

itf  kttd  no  cavity  appearing.     The  ground  on  each  side  llie  gulph 

I   vras  (o  shaken,  that  large  chasma  appeared  at  above  thirty  feet  dis. 

a:,  which  a  few  days  after  I  observed  the  shepherds 


up,  lest  their  sheep  should  fall  into  them. 


[Phil.  Trant.niS. 
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S.  tValer-ipout  near  the  Lipari  IilandSi 

In  ■  teller  from  Willlui  RickrIM,  Em|.  Qi|iiaia  In  the  Royal  Kaij,  to  M 
Right  Hun.  Sir  Joaeph  Banki,  BarU  &c.  Ac. 

In  the  month  of  July,  1800,  Cipttin  Rirkett*  ku  tuddcnlj 
called  on  deck,  on  account  of  the  rapid  approach  of  a  \ 
among  the  Lipari  Inlands  ;  it  bad  the  appearance  oj  a  viscid  fliuAJ 
tapering  in  its  degcent,  proceeding  from  the  cloud  lu  join  the  m 
it  moved  at  the  rate  of  about  two  miles  an  hour,  with  aloud  ii 
of  rain  j  it  passed  the  stern  of  (he  ship,  and  wetted  the  aftef-p« 
of  the  mainsail;  hence  Captain  Ricketu  concluded  that  water-sH 
were  not  continuous  columns  of  water ;  aod  aubicquent  obfier* 
tions  confirmed  (he  opinion. 

In  Norember,  1801,  about  tweDt;  miles  from  Tiieste,  a  w«t 
spout  was  seen  eight  miles  to  the  sonthward  ;  roand  its  lower  4 
tremity  was  a  mist,  about  twelve  feet  high,  nearlj  of  the  form  n| 
Ionian  capital,  with  very  large  volotes,  the  spout  resting  obli^fj 
on  its  CTOirn.     At  some  distance  from  this  spout,  the  sea  beganjH 
be  agitated,  and  a  mist  rose  to  the  height  of  about  lour  feet  t  i 
a  projection  descended  from  the  black  cload  which  «bs  impendtd 
and  met  the  atcending  mist  about  twenty  feet  above  the  sea  ; 
last  ten  yards  of  the  distance  were  described  with  a  very  great  ri 
pidity.     A  cloud  of  a  light  colour  appeared  to  ascebd  iu  (his  tj 
like  quicksilfcr  in  a  gtasa  tube.     The  6rst  spout  then  t 
about  one-third  of  it  height,  the  inferior  part  subsiding  gradw 
and  the  superior  curling  upwards. 

Several  other  projpcUons  from  the  cloud  appeared,  irith  c 
■ponding  agilatioDS  of  the  water  below,  but  not  always  in  s 
Tertically  under  them  ;  seven  spou(s  in  all  were  formed  ;  two  Q 
projections  were  reabsorbed.     Some  of  the  spouts  wei 
oblique  but  carved:  the  ascending  cloud  moved  most  rapidly^ 
those  which  were  vertical ;  they  lasted  from  three  to  five 
andlheir  dissipation  was  attended  by  do  fall  of  rain.     For  i 
daysTMilt,  the  weather  had  been  very  rainy  with  >  sod 
wind  ;  but  no  rain  had  fallen  on  (he  day  of  observation. 

{^Journal  of  Royal  Inttiiutiatt* 
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SECTION  III. 

Mimic^  or  False  Pretterty  or  Spouts  with  Utile  or  no  Water. 

1.  Spout  observed  at  Hatjieldj  in  Yorkshire. 
By  the  Rev.  AbialaiB  I>e  la  Plryme,  F.R.S. 

On  the  1 5th  of  Aogust,  1617,  about  two  o'clock  in  the  after, 
nooo,  there  appeared  a  water.spout  in  the  air,  at  Hatfield,  in 
Yorkshire.  It  was  about  a  mile  off,  coming  directly  io  the  place 
where  I  was;  opon  which  I  took  my  perspective  glasses,  and 
made  the  best  obs^rtations  on  it  I  could. 

The  season  was  lety  dry,  the  weather  extremely  hot,  the  air 
▼ery  cloudy,  and  the  wind  pretty  strong,  and  what  was  remarkable, 
blowing  out  of  seyeral  quarters  at  the  same  time,  and  filling  the  air 
with  thick  and  black  cIouds,in  layers;  this  blowing  of  the  wind  soon 
created  a  great  Tortex,  gyration,  and  whirling  among  the  clouds, 
the  centre  of  which  now  and  then  dropt  down  in  the  shape  of  a 
diick  long  black  tube,  commonly  called  a  spout ;  in  which  I  could 
distinctly  see  a  motion,  like  that  of  a  screw,  continually  drawing 
upwards,  and  screwing  up  as  it  were  whateyer  it  touched.  In 
its  progress  it  moyed  slowly  orer  a  hedge.row  and  grove  of  young 
trees,  which  it  made  bend  like  hasel.wands,  in  a  circular  mo- 
tioD ;  then  advancing  forward  to  a  large  bam.  In  a  moment  it 
plucked  off  all  the  thatch,  and  filled  the  whole  air  with  it.  Cora. 
log  to  a  very  large  oak  tree,  it  made  it  bend  like  the  former,  and 
broke  off  one  of  its  strongest  branches,  and  twisting  it  about, 
flung  it  to  a  very  considerable  distance  off.  Then  coming  near  the 
place  where  I  stood,  within  three  hundred  yards  of  me,  I  beheld 
with  great  satisfaction  this  extraordinary  phaenomenon,  and  found 
that  it  proceeded  from  a  gyration  of  the  clouds,  by  contrary  winds 
meeting  in  a  point  or  centre ;  and  where  the  greatest  condensation 
and  gravitation  was,  falling  down  into  a  large  pipe  or  tube,  som^, 
what  like  the  cochlea  Archimedis;  and  which,  in  ittHMf^g  or 
whirling  motion,  either  sacks  up  water,  or  destroys  ships,  &c. 
Having  proceeded  about  a  quarter  of  a  mile  farther,  it  was  dis- 
a^ved  by  the  prevalency  of  the  wind  from  the  east. 

[Phil.  Trans.  17W. 
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2.  A  second  Spout  observed  at  the  same  Place. 

By  the  lame  Writer. 

TuE  weather  in  this  part  of  the  country  has  been  exceedloglj 
wet  and  cool,  so  that  it  seemed  to  be  spring  rather  than  midsniiu 
iner,  yet  Jane  21,  1702,  was  pretty  warm,  on  the  afternoon  of 
which  day,  about  two  o*c1ock,  no  wind  stirring  below,  thongh  it 
was  somewhat  great  in  the  air,  the  clouds  began  to  be  much  agi* 
tated  and  drlTen  together ;  on  which  they  became  rery  black,  and 
were  very  visibly  hurried  round,  from  whence  there  proceeded  a 
most  audible  whirling  noise,  like  that  commonly  heard  in  a  mill. 
After  a  while  a  long  tube  or  spout  came  down  from  the  centre  of 
the  congregated  clouds,  in  which  was  a  swift  spiral  motion  like 
that  of  a  screw,  or  the  cochlea  Archimedis  when  it  is  in  motion, 
by  which  spiral  nature  and  swift  turning,  water  ascends  np  into 
the  one,  as  well  as  into  the  other.  It  proceeded  slowly  from  west 
to  north  east,  broke  down  a  great  oak.tree  or  two,  frightened  the 
weeders  out  of  the  field,  and  made  others  lie  down  flat  on  their 
bellies,  to  avoid  being  whirled  about  and  killed,  as  they  saw  had 
happened  to  several  jackdaws,  which  were  suddenly  snatched  np, 
carried  out  [of  sight,  and  then  thrown  a  great  way  off  among  the 
corn  ;  at  length  it  passed  over  the  town  at  Hatfield,  to  the  great 
terror  of  the  inhabitants,  filling  the  whole  air  with  the  thatch  it 
took  off  from  some  of  the  houses  ;  then  touching  on  a  comer  of 
the  church,  it  tore  np  several  sheets  of  lead,  and  rolled  them  iom 
gether  in  a  strange  manner  ;  soon  after  which,  it  dissolved  and 
vanished,  without  doing  any  further  mischief. 

There  was  nothing  moc^  extraordinary  in  this,  than  in  the  other 
that  I  gave  an  account  of  in  the  preceding  page ;  and  by  all  the  ob- 
servations that  I  could  could  make  of  both,  I  found  that  had  they 
been  at  sea,  and  joined  to  its  surface,  they  would  have  carried  a 
vast  quantity  of  water  up  into  the  clouds,  and  the  tubes  wonld 
thenhave  become  much  more  strong  and  opaque  than  they  were, 
and  hav^tyntinued  much  longer. 

It  is  commonly  said  that  at  sea,  the  water  collects  and  bubbles 
np  a  foot  or  two  high  under  these  spouts,  before  they  are  joined : 
but  this  is  a  mistake,  owing  to  the  pellucidity  and  fineness  of  those 
tabes,  whieh  certainly  touch  the  surface  of  the  sea  before  any 
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considerable  motion  can  be  produced  in  it,  and  that  when  the  pipe 

begins  to  fill  with  water,  it  then  becomes  opaque  and  yisible.    As 

for  the  reason  of  their  dbsolring  of  themselres,  after  they  have 

drawn  np  a  great  quantity  of  water,  I  suppose  it  is  by  and  through 

the  great  quantity  of  the  water  they  hare  carried  np,  which  must 

needs  thicken  the  clouds,  impede  their  motion^  and  by  that  means 

disfolre  the  tubes. 

[id.  1703. 

3.  Spoui  raited  off  the  Land  in  Deeping^Fen^  Lincolnshire. 

By  the  Rer.  Benjamio  Ray. 

Mat  the  5th,  1769,  a  phaenomenon  appeared  about  seven  in 
the  erening,  in  Deeping.Fen,  which,  from  its  effects,  seemed  to 
be  a  water«8pout,  broken  from  the  clouds.  A  watery  substance,  as 
it  teemed,  was  seen  moving  on  the  surface  of  the  earth  and  wa. 
ter,  in  Deeping.Fen.  It  passed  along  with  such  violence  and 
rapidity,  that  it  carried  every  thing  before  it :  such  as  grass, 
straw,  and  stubble ;  and  in  going  over  the  country  bank,  it  raised 
the  dost  to  a  great  height ;  and  when  it  arrived  in  the  wash,  in  the 
midst  of  the  water,  and  just  over  against  where  Mr.  R.  lired,  it 
ttood  still  for  some  minutes.  This  watery  substance  spouted  out 
water  from  its  own  surface,  to  a  considerable  height,  and  with  a 
terrible  noise. 

On  its  second  route,  it  proceeded  in  a  side  line  into  the  river, 
tweaking  in  its  passage  a  fishing.net,  and  there  moved  along,  till 
it  came  to  the  church,  where  it  again  stood  a  little  while,  and 
then  made  its  next  passage  through  the  space  between  the  church 
and  the  parsonage. house,  towards  Weston  hills  and  Moulton 
ebapel.  In  its  way  to  these  places,  it  tore  up  a  field  of  turnips, 
broke  a  gate  off  the  Mnges,  and  another  into  pieces.  Those  who 
saw  it  evaporate,  affirm  it  ascended  into  the  clouds  in  a  long  spear- 
ing vapour,  and  at  last  ended  in  a  fiery  stream.  There  was  a 
mist,  like  smoke,  frequently  round  it.  Three  more  yjeji^^Mia  ar 
tkt  same  time  in  different  places. 

lid.  1751. 
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«BNB]IAL  NATURE  AND  PROPERTIES  OP  THE  ELECTRIC 

PLUID. 


SECTION    I. 

Its  relaiion  to  common  Matter. 

It  is  oot  easy  to  give  a  more  correct,  concise,  or  perspicaovs 
account  of  this  subject  than  in  the  following  epitome  of  Dr.  Frank* 
lin's  celebrated  Treatise,  by  his  friend  William  Watson,  Esq. 

Mr.  Franklin's  Treatise,  says  he,  lately  presented  to  the  Royal 
Society,  consists  of  four  letters  to  his  correspondent  in  England,  and 
of  another  part  intitied,  ^  Opinions  and  Conjectures  concemtng  the 
Properties  and  Effects  of  the  electrical  Matter,  arising  from  £zp<». 
riments  and  ObserTations.' 

The  four  letters,  the  last  of  which  contains  a  new  hypothesis  lor 
explaining  the  several  phaenomena  of  thunder-gusts,  have  either  ia 
the  whole  or  in  part  been  before  communicated  to  the  Royal  So* 
ciety.  It  remains  therefore  now  only  to  lay  before  the  Society  an 
account  of  the  latter  part  of  this  treatise,  as  well  as  that  of  a  letter 
intended  to  be  added  to  it  by  the  author,  but  which  arrifed  too  late 
for  publication  with  it. 

This  ingenious  author,  from  a  yariety  of  welUadapted  expert* 
ments,  is  of  opinion,  that  the  electrical  matter  consists  of  particlet 
extremely  subtle,  since  it  can  permeate  common  matter,  even  the 
densest  metals,  with  such  ease  and  freedom,  as  not  to  receiye  any 
perceptible  resistance.  Electrical  matter,  according  to  him,  diflert 
from  common  matter  in  this,  that  the  parts  of  the  latter  mutually 
^ittcafl^and  those  of  the  former  mutually  repel  each  other ;  hence 
the  diTergWcy  in  a  stream  of  electrified  effluTia^ :  but  that,  though 

*  As  the  electric  stream  ia  obierved  to  diverge  rery  little,  when  the  experi* 
ment  li  made  in  vacuo,  this  appearance  is  more  owing  to  the  rtsistaace  of  the 
atnotphere,  than  to  any  natural  tendeacy  in  the  electricity  itself.  W.  W.^ 
Orig. 
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th*  particlei  of  electrical  matter  do  repel  each  other,  they  are 
stroaglf  attracted  bj  all  other  matter.  From  (bese  three  things, 
TIE.  th«  eitreme  subtilly  of  the  electrical  matter,  the  mutual  repol. 
*ioD  of  its  parts,  and  the  strong  attraction  between  them  and  other 
matter,  arises  this  effect,  (hat  when  a  quantity  of  electrical  matter 
ii  applied  to  a  mass  of  common  mailer  of  any  siie  or  length  within 
our  obserralioD  (which  has  not  already  got  its  quantity)  it  is  im. 
mediately  and  equally  ditfused  through  the  whole.  Thus  common 
matter  ii  a  kind  of  sponge  to  the  electrical  fluid  ;  and  as  a  sponge 
would  receive  no  water,  if  the  parts  of  water  were  not  smaller  than 
tbe  pores  of  the  iponj;e ;  and  even  then  but  slowly,  if  there  was  not 
a  mutual  attraction  bi'tweeo  those  parts  and  the  parts  of  the  sponge  ; 
and  would  still  imbibe  it  faster,  if  the  mutual  attraction  among  the 
parts  ofthe  water  did  not  impeile,  some  force  being  required  to  sepa. 
rate  tham  ;  and  fastest  if,  instead  of  attraction,  there  were  a  mutual 
rrpulsion  among  those  parts,  which  would  act  la  conjuocliun  with 
the  UlractioQ  of  the  sponge :  so  is  the  case  between  the  electrical 
and  common  matter.  In  common  matter  indeed  there  is  generally 
as  much  of  the  electrical  as  it  will  contain  within  its  substance  :  if 
more  ii  added,  tt  lies  without  upon  the  surface*,  and  forms  what 
we  call  an  electrical  atmosphere  ;  and  then  the  body  is  said  to  be 
electrified. 

It  ii  sappoied,  that  all  kinds  of  common  matter  do  not  attract 
■Dd  retain  the  electrical  with  rqual  force,  far  reasons  to  be  given 
hereafter;  and  that  ihoge  called  electrics  per  se,  as  glass,  &c.  at. 
tract  *r»d  retain  it  the  strangest,  and  contain  the  greatest  quantity. 
We  know  that  the  electrical  fluid  is  in  common  matter,  because 
we  ckn  pump  it  out  by  the  globe  or  lube  ;  and  that  common  matter 
has  near  as  much  as  it  can  contain  ;  because,  when  we  add  a  little 
more  to  any  portion  of  it,  the  additional  quantity  does  not  enter, 
bat  forms  an  electrical  atmosphere  :  and  we  know  that  common 
matter  hag  not  generally  more  than  it  can  contain ;  otherwise  all 
loo^  portions  of  it  would  repel  each  other,  as  they  constantly  do 
vbFD  they  have  eleciric  atmospheres.  ^^■^■ 

The  form  of  the  electrical  atmosphere  is  that  ofthe  body  which 
it  nrroands.     This  shape  may  bp  rendered  visible  in  a  still  air,  by 

•  Tbe«ulbor  ottbh  acroanl  is  at  opinion,  Ihal  what  h  brre  utdcd,  tin  out 
aoly  without  apoii  Ihe  turfice .  but  prDriraiPi  with  Ibe  famp  dritrec  of  deuily 
the  wbole  maig  of  comoon  matter,  upon  which  it  i^  direcled. — Orig. 
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raising  a  smoke  from  drj  resin  dropped  into  a  hot  tea-spooo  under 
the  electrised  bod j,  which  will  be  attracted  and  spread  Itself  cqoilly 
on  all  sides,  coyering  and  concealing  the  body.  And  tbli  form  it 
takes,  because  it  is  attracted  by  all  parts  of  the  surface  of  the  body, 
though  it  cannot  enter  the  substance  already  replete.  Withoat 
this  attraction  it  would  not  remain  round  the  body,  but  be  dissi* 
pated  in  the  air.  The  atmosphere  of  electrical  particles  snrroniid- 
ing  an  electrified  sphere  is  not  more  disposed  to  lea?e  it,  or  men 
easily  drawn  off  from  any  one  part  of  the  sphere  than  from  another, 
because  it  is  equally  attracted  by  erery  part.  But  that  is  not  the 
case  with  bodies  of  any  other  figure.  From  a  cube  it  is  more  easily' 
drawn  at  the  corners  than  at  the  plane  sides,  and  so  from  the  angles 
of  a  body  of  any  other  form,  and  still  most  easily  from  the  angle 
that  is  most  acute  ;  and  for  this  reason  points  hare  a  propertj  ef 
drawing  on,  as  well  as  throwing  off  the  electrical  fluid,  at  greater 
distances  than  blunt  bodies  can. 

From  rarious  experiments  recited  in  our  author's  treatiie,  the 
preceding  obscrrations  are  deduced.  And  the  following  are  a  few 
of  the  other  most  singular  ones.  The  effects  of  lightning, 
those  of  electricity,  appear  Tery  similar.  Lightning  has  olten 
known  to  strike  people  blind.  A  pigeon,  struck  dead  to  appear* 
ance  by  the  electrical  shock,  recoYering  life,  drooped  several  days, 
ate  nothing,  though  crumbs  were  thrown  to  it,  bnt  declined  and 
died.  Mr.  F.  did  not  think  of  its  being  depriyed  of  sight ;  bet 
afterwards  a  pullet,  struck  dead  in  like  manner,  being  lecoferid 
by  repeatedly  blowing  into  its  lungs,  when  set  down  on  the  floor, 
ran  headlong  against  the  wall,  and  on  examination  appeared  pflr- 
fectly  blind  ;  hence  he  concluded  that  the  pigeon  also  had  bMB 
absolutely  blinded  by  the  shock.  From  this  obseryation  weriioaU 
be  extremely  cautious,  how  in  electrizing  we  draw  the  ttrokiSBi 
especially  in  making  the  experiment  of  Leyden,  from  the  eyes,  w 
eren  from  the  parts  near  them; 

Some  time  since  it  was  imagined^  that  deafness  had  been  rdiewed 
iT^eio^irizing  the  patient,  by  drawing  the  snaps  from  theearSy  9ai 
by  making  him  undergo  the  electrical  commotion  in  the  same  vao* 
ner.  If  hereafter  this  remedy  should  be  fantastically  applied  to  the 
eyes  in  this  manner  to  restore  dimness  of  sight,  it  will  be  well-if 
perfect  blindness  be  not  the  consequence  of  the  experiment* 

By  a  Tery  ingenious  experiment  our  author  endeaTOurs  to  eiiacf 
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tbv  Inpossibilitjr  of  suvctss,  in  thif  eipiriments  proposed  by  other* 
of  liriwing  furth  theeffluH«  of  itrto-electrici,  cinnamon,  for  in> 
sUncC)  Biid  by  mixing  ibrm  with  the  electrical  fluid,  to  conrey 
thrm  with  thnt  into  3  person  eledrilied  ;  and  our  auttior  thinks, 
tii«I,  though  thi'  eAliivi«  of  cinnamon  and  (he  electrical  fluid  should 
inni  nitbiil  the  globe,  they  would  never  cume  out  together  through 
(he  tpor-%  of  the  glut,  and  thus  bv  conieyed  to  the  prime  conituc 
iar ;  for  he  thinks,  (hat  the  electrical  fluid  itself  cannot  come 
Ihiouijh,  and  thai  the  prinjt;  cuniluctur  is  always  supplied  from  the 
cu^hiou,  and  (his  last  from  the  fl'>or.  Besides,  when  the  globe  i« 
filled  with  cinramou,  or  oiher  non-«leetric3,  no  eleclririty  can  be 
obtained  fri>m  it«  ualer  surface,  for  the  reasons  before  [aid  Jutrn. 
Hr  hia  tried  another  way,  which  he  (houiiht  more  likely  to  obtain 
a  mt:imre  of  the  electrical  and  other  eflluiia  together,  if  imch  a 
mtitore  bad  bren  possible.  He  placed  a  glass  plate  undT  his 
ci»hioa,  to  cut  olf  (he  communication  bvtween  the  cushion  and  the 
floor ;  he  then  brought  a  small  cliain  from  the  cushion  into  a  g]a!is 
uf  oil  of  (nrpentine,  and  carried  another  chain  from  (he  oil  of  tur- 
pentine to  the  flour,  taking  care  (hit  the  chain  from  (he  cushion  to 
tb«  glau  touched  no  par(  of  the  frame  uf  (he  machine.  Another 
chain  was  fined  to  the  prime  conductor,  and  held  in  the  hand  of  a 
person  to  be  electrified.  The  ends  of  the  two  chains  in  (he  glass 
wer*  near  an  inch  from  each  olher,  tSe  oil  of  turpentine  between. 
Now  the  globe  being  turned  could  draw  no  fire  from  the  floor 
through  the  machine,  the  com  muni  cation  that  way  being  cut  off' 
by  the  thick  glaii  plate  nnder  tlie  cushion  :  it  must  then  draw  it 
through  the  chains,  whose  ends  were  dipped  in  the  oil  of  turpen* 
tine.  And  as  the  oil  of  turpentine,  being  in  some  degree  an  electric 
per  M,  would  not  condoct  what  came  upfrom  the  Boor,  the  electrL 
city  waa  obliged  to  jump  from  the  end  of  one  chaiu  to  the  end  of 
the  other,  which  he  could  see  in  large  sparks  ;  and  thus  it  had  a 
fair  opportunity  of  seiiing  of  the  finest  particles  of  the  oil  in  its 
p«saag«,  and  carrying  I  hem  off'  wllhit;  but  no  such  effect  fol> 
lowed,  nor  could  he  perceive  the  least  dlflerence  in  the  smell  of  the 
electrical  effluvia  thus  collected,  from  what  it  had  whin  collected 
otherwise  ;  nor  does  it  otherwise  aflecl  the  body  of  the  person  elec- 
trified. He  likewise  put  into  a  phial,  instead  of  water,  a  strong 
parging  liquid,  and  then  charged  the  phial,  and  took  repeated 
•bockt  from  it:  in  which  cue  etery  particle  of  tba  electrical  fluid 
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mast,  before  it  went  through  his  bodj,  have  first  gone  through  the 
liquid,  when  the  phial  is  charging,  and  retamed  throngk  it  whea 
discharging  ;  yet  no  other  effect  followed  than  if  the  phial  iMd  been 
charged  with  water.  He  had  also  smelt  the  electrical  fire,  when 
drawn  through  gold,  siWer,  copper,  lead,  iron,  wood,  and  the  ba- 
man  body,  and  could  perceive  no  difference;  the  odour  beiag 
always  the  same,  where  the  spark  does  not  burn  what  it  strikes ; 
and  therefore  he  imagines,  that  it  does  not  take  that  smell  from  anj 
quality  of  the  bodies  it  passes  through. 

Mr.  Franklin,  in  a  letter  to  Mr.  Collinson  some  tine  since,  men^ 
ttoned  his  intending  to  try  the  power  of  a  Tery  strong  electrical 
shock  on  a  turkey.  He  accordingly  has  been  so  obligiog  as  to 
send  an  account  of  it,  which  is  to  the  following  purpose.  He  made 
first  sereral  experiments  on  fowls,  and  found,  that  two  Urge  thin 
glass  jars  gilt,  holding  each  about  six  gallons,  were  suffident,  whea 
fully  charged,  to  kill  common  hens  outright;  but  the  torkeys, 
though  thrown  into  violent  convulsions,  and  then  lying  as  dead  lor 
some  minutes,  would  recover  in  less  than  a  quarter  of  an  bear. 
However,  having  added  three  other  such  to  the  former  two,  (hoagh 
not  fully  charged,  he  killed  a  turkey  of  about  101b.  weight,  aod 
believes  that  they  would  have  killed  a  much  larger.  He  conceited, 
that  the  birds  killed  in  this  manner  eat  uncommonly  tender. 

In  making  these  experiments,  he  found  that  a  man  could,  with* 
out  great  detriment,  bear  a  much  greater  shock  than  he  Imagined ; 
for  he  inadTcrtently  received  the  stroke  of  two  of  these  jars  throigk 
his  arms  and  body,  when  they  were  very  near  fully  charged.  It 
seemed  to  him  an  universal  blow  throughout  the  body  from  bead  to 
foot,  and  was  followed  by  a  violent  quick  trembling  in  the  troaic, 
which  went  gradually  off  in  a  few  seconds.  It  was  some  miontss 
before  he  could  recollect  his  thoughts,  so  as  to  know  what  was  tkt 
matter ;  for  he  did  not  see  the  flash,  though  his  eye  was  on  the  spot 
of  the  prime  conductor,  from  whence  it  struck  the  back  of  his  kwd; 
nor  did  he  hear  the  crack,  though,  the  bystanders  sakl,  it  was  a  load 
ojie;  nor  did  he  particularly  feel  the  stroke  on  his  hand,  fhonh 
heallerwards  found  that  it  had  raised  a  swelling  there  the  aiae  el  a 
swau.shot  or  pistol-bullet.  His  arms  and  the  back  of  his  asck  Ml 
somewhat  numbed  the  remainder  of  the  evening,  and  his  breast 
sore  for  a  week  after,  as  if  it  had  been  bmised.  FitNn  thto 
riment  nay  be  seen  the  danger,  even  ander  tkt  greatest  cantibo,  la 
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tile  operator,  when  making  these  eiperiments  with  large  jars  ;  for 
it  it  not  to  be  doubted,  but  that  se? eral  of  these  fallj  charged  would 
as  certainly,  by  increasing  them,  in  proportion  to  the  size,  kill  a 
man,  as  thej  did  before  the  tarkey. 

[PAi7.  Tram.  1751. 

SECTION    11. 

1.  Communication  and  velocity  of  Electricift/. 

By  W.  Watson,  E«q. 

In  a  former  paper  Mr.  W.  took  notice,  that  among  the  many 
surprising  properties  of  electricity,  none  was  more  remarkable, 
than  that  the  electrical  power,  accumulated  in  any  non.electric 
matter  contained  in  a  glass  phial,  described  on  its  explosion  a  cir. 
cnit  throogh  any  line  of  substances  non.electrical  in  a  considerable 
degree ;  if  one  end  of  it  was  in  contact  with  the  external  surface  of 
this  phial,  and  the  other  end  on  the  explosion  touched  either  the 
electrified  gnn  barrel,  to  which  the  phial  in  charging  was  usually 
connected,  or  the  iron  hook  always  fitted  in  it.  This  circuit, 
where  the  non.electric  substances,  which  happen  to  be  between 
the  outside  of  the  phial  and  its  hook,  conduct  electricity  equally 
well,  Is  always  described  in  the  shortest  route  possible  ;  but  if  they 
condact  diflferently,  this  circuit  is  always  formed  through  the  best 
oondactor,  how  great  soerer  its  length  is,  rather  than  through  one 
which  conducts  not  so  well,  though  of  much  less  extent. 

It  has  been  found,  that  in  proportion  as  bodies  are  susceptible 
of  haTing  electricity  excited  in  them  by  friction,  in  that  proportion 
they  are  less  fit  to  conduct  it  to  the  other  bodies ;  in  consequence, 
of  all  the  substances  we  are  acquainted  with,  metals  conduct  best 
Hm  electrical  powers ;  for  which  reason  the  circuit  before  spoken 
of  is  formed  through  them  the  most  readily.  Water  likewise  is  an 
esotlleBt  conductor;  for  the  electrical  power  makes  no  difierence 
between  solids  and  fluids  as  such,  but  only  as  they  are  non^electdc 
flutter. 

Mons.  le  Monnier  the  younger,  at  Paris,  in  an  account  trans- 
mitted to  the  Royal  Society,  takes  notice  of  his  feeling  the  stroke 
of  the  electrified  phial  along  the  water  of  two  of  the  basins  of  the 
Thnineries,  the  surface  of  one  of  which  b  abont  an  acre^  by  means 
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•f  ao  iron  chain  which  laj  on  the  groand,  and  was  stretched  rouirf 
half  their  circumference.  On  these  considerations  it  was  conjec- 
turedy  as  no  circuit  had  as  yet  been  found  large  enough  to  to  dis» 
sipate  the  electrical  power  as  not  to  make  it  perceptible,  that  if  the 
Don*electrical  conductors  were  property  disposed,  an  obserrer 
might  be  made  sensible  of  the  electrical  commotion  quite  across  tbe 
rif  er  Thames,  by  the  comrounicatioD  of  no  other  medium  than  the 
water  of  that  river.  In  any  other  part  of  natural  philosophy,  u 
we  should  draw  conclusions  only  from  the  facts  theraselyes,  it  wss 
determined  to  make  the  eiperiment. 

Tbe  making  this  eiperiment  drew  on  many  others,  and  as  tbe 
gentlemen  concerned  flatter  themselyes  that  they  were  made  with 
some  degree  of  attention  and  accuracy,  they  thought  it  not  in* 
proper  to  lay  a  detail  of  all  the  operations  before  the  Royal 
Society.  To  try  this  experiment,  it  was  absolutely  nocessaij  that 
a  line  of  non-electric  matter,  equal  in  length  to  the  breadth  of  tfe 
rif  er,  should  be  laid  orer  it,  so  as  not  to  touch  the  water  in  aay 
part  of  Its  length  ;  and  the  bridge  of  Westminster  was  tboaght  tive 
most  proper  for  that  purpose,  where  the  water  from  shora  to  shoie 
was  somewhat  more  that  four  hundred  yards. 

Accordingly  on  July  14, 1747,  seyeral  members  of  the  Royil 

Society  met  to  assist  in  making  the  experiment.    A  line  of  wire  laid 

along  the  bridge,  not  only  through  its  whole  length,  bat  likewist 

turning  at  the  abutments,  reached  down  the  stone  steps  on  eadi 

side  of  the  river  low  enough  for  an  observer  to  dip  into  the  water 

an  iron  rod  held  in  his  hand.  One  of  the  company  then  stood  on  the 

steps  of  the  Westminster  shore,  holding  this  wire  in  his  lefit  handy 

and  an  iron  rod  touching  the  water  in  his  right ;  on  the  steps  fhdag 

the  former  on  the  Surry  shore,  another  of  the  company  took  hold 

of  the  wire  with  his  right  hand,  and  grasped  with  his  left  a  lasgs 

phial  almost  filled  with  filings  of  iron,  coated  with  sheet-lead,  aad 

highly  electrified  by  a  glass  globe  properly  disposed  in  a  ncilgh- 

bouring  house.    Athlrd  observer  standing  near  the  second  dipped 

a|^  iron  rod  held  in  his  left  hand  into  the  water,  and  touching  the 

iron  hook  of  the  charged  phial  with  a  finger  of  his  right  hand,  the 

electricity  snapped,  and  its  commotion  was  lelt  by  all  the  thieo 

observers,  but  much  more  by  those  on  the  Surry  shore.    The 

third  observer  here  was  no  otherwise  necessary^than  that  the  liver 

being  full,  the  iron  was  not  long  enough  to  be  fixed  in  the  omd  on 
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ihc  thare,  and  iheterure  was  in  vriat  of  some  lupport.  The  eip«. 
I'imrnt  WM  reprtted  teT«ril  tioies,  bt>lh  then  and  ificnrardt,  tai 
rlrciricsl  Rioiion  felt  acroM  the  rirer.  The  leugfh  ot  thii  circuit, 
through  wliicb  the  eteclricily  wat  prupagaled,  w«f  at  lenit  eight 
hundred  yard«,  more  than  four  buDdred  yaidi  o^  whiiii  iraf  furmed 
by  the  dream  of  Ihe  rirer. 

The  obserrers  an  the  Westminster  ahorii  not  feeling  the  electri- 
cal the  commoKon  equally  strong  with  ihoie  orSurry,  wasjudged  to 
proceed  from  other  causes  besiilf's  (hat  of  distance.  Fur  it  mast  be 
roniidercd,  that  the  conducting  wire  was  almost  throughout  its 
whole  length  laid  on  Fortlaud  atone  standing  in  water.  This  stone 
ttcing  in  a  great  decree  non.electric,  is  of  itselfa  condiiclor  of  etec- 
trkily  ;  and  (his  slone  standing  in  water,  no  mere  of  the  electri. 
city  was  trantmitted  to  (he  observers  on  (he  Westminster  iihof« 
than  tbat  proportion,  on  which  iron  is  more  iion •electric,  find  con. 
»«qa«ntly  a  better  conductor  of  electricity  than  stone.  Whether 
<he  conducting  ulre  on  the  bridge  wis  broUen  or  no,  and,  conse. 
queotly,  whether  the  obserrers  on  the  Westminster  shore  felt  the 
electrical  comtnotion  or  no,  not  only  the  observers  on  the  Sorry 
ihore,  who  with  thtir  wire  formed  part  of  the  line,  fell  Uie  shuck 
in  tlieir  arms:  but  those  persons  who  only  stood  on  the  s [una 
rtepa  there,  and  touched  the  wire  with  their  fingpis,  ftit  the  elet. 
trical  commotion  in  the  arm  of  that  hand  which  touched  the  wire. 
Mence,  and  from  a  person  feeling  the  electricvl  commotion  stand, 
ing  on  the  wet  stone  stej)!!  of  the  Westminster  shore,  though  nat 
tbrtning  part  of  the  line,  but  only  touching  (he  wire  with  bis  Gn> 
fcer«,  it  was  concluded,  that  besides  the  large  ciri:uit  before  spoken 
«r>  tkere  were  formed  scTernl  other  subordinate  circuits,  betweeo 
tbe  same  (ti*ps  of  the  Surry  shore,  and  the  bridge  by  meians  of  Ihe 
water ;  by  which  that  part  of  the  electrical  power,  felt  by  the  ob- 
tervert  on  the  Surry  side  of  the  river,  and  not  by  those  oa  th« 
Wettminsttr  aide,  was  discharged. 

Dr.  Beiis  baring  observed,  (hat  which  was  likewise  tried  here, 
tbat  however  well  an  electrified  phial  was  charged,  its  iron  hook 
vronlil  not  nre  tbe  vapoun  of  warm  spirits  of  wine  held  iu  a  spoon 
and  applied  to  it,  if  the  person  nho  held  tbe  phial,  and  who  held 
the  ipoon,  did  not  take  each  other  by  the  baud,  or  have  lomc 
other  Don-elrctrical  communication  between  them;  it  was  there. 
tbooght  proper  to  try  the  cSecIa  of  electricity  on  tome  nvm 
T  9 
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Spirit  of  wine  throogh  the  large  circuit  before  meotioDed.  Ac* 
cordingly  the  obsorTers  being  placed  as  before,  t>oth  on  the  West. 
■linster  and  Sorry  shores,  no  other  alteration  was  made  in  the  be- 
fore mentioned  apparatus,  than  that  the  wire  which  connected  the 
gnn.barrel  with  the  iron  hook  of  the  coated  phial  being  laid  aride, 
the  coated  phial  itself  was  charged  at  the  gatt»barrel|  and  dm 
brought  in  the  hands  of  an  observer  near  the  warm  spiriti  In  the 
spoon,  which  was  placed  on  the  short  iron  rod  beforementianed^ 
which  was  connected  with  the  wire  which  went  to  the  obaenrwit 
on  the  Surry  shore.  On  presenting  properly  the  iron  hook  of  the 
charged  phial  to  the  warm  spirit,  it  was  instantly  fired,  and  tke  alec* 
cal  commotion  felt  by  the  observers  on  both  sides  of  the  riTer. 

It  was  then  thought  proper  to  try  the  effects  of  the  chai^ged  phial 
on  the  warm  spirit,  when  the  wire  was  divided  which  waa  laid  over 
the  bridge ;  on  presenting  the  iron  hook  to  the  ipirit,  a  anfficienl 
snap  was  given  to  the  spoon  to  fire  the  spirit,  bnt  Botiuagso 
smart  tL$  in  the  former  eiperiment  where  the  large  circuit  waa 
complfted. 

It  WAR  then  tried  what  effect  would  be  on  the  spirit,  if  the  dMig» 
%d  phial  was  divested  of  its  long  wire  which  lay  over  the  biidga, 
and  was  only  held  in  the  hand  of  an  observer ;  while  the  apoen 
with  warm  spirit  was  placed  in  contact  of  the  iron  rod  betorencB* 
tioned,  to  which  the  wire  was  connected,  which  went  to  the  obatr- 
vers  on  the  Sorry  shore  ;  and  the  spirit  was  fired  with  much  ti» 
same  degree  of  smartness  as  in  the  last  experiment. 

In  these  and  all  the  subsequent  operations,  wires  were  made  MS 
of  to  conduct  the  electricity  preferable  to  chains,  as  by  great  mau 
bers  of  experiments  it  had  been  fully  proved,  that  whatever  differ- 
ence there  was  in  the  bulk  of  the  conductor,  viz.  whether  it  were 
a  small  wire,  or  a  thick  iron  bar,  the  electrical  strokes  commui- 
cated  were  equally  strong  ;  and  it  had  been  further  obaervedy  be* 
fides  the  difficulty  of  procuring  chains  of  a  requisite  length  fbrtlia 
present  purposes,  that  the  stroke  at  the  gun-barrel,  wlieo  the 
electricity  was  conducted  by  a  chain,  was  cacteris  paribna  net 
so  strong,  as  when  that  power  was  conducted  by  a  wire.  TUs 
was  occasioned  by  the  junctures  of  the  links  of  the  chain  not  be- 
ing sufficiently  close,  which  caused  the  electricity  in  its  paasaga  4a 
snap  and  flash  at  the  junctures,  where  there  was  the  leaat  aepam- 
tion ;  and  these  smaller  snappinga  in  the  whole  length  of  the 
chain  lessened  the  great  one  of  the  gunJMurreL 
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Eocoaraged  by  tbe  success  of  these  trials^  the  geBtlemen  were 
desirous  of  contioaiog  their  ioqoiries,  aod  of  knowing  whether  the 
electrical  commotions  were  perceptible  at  a  still  greater  distance* 
Tke  New  Rifer  near  Stoke  Newington  was  thoaght  most  coveni. 
-ent  for  that  parpose  ;  as  at  the  bottom  of  that  town^  the  windii^ 
of  the  riyer  are  such,  that  from  a  place  which  he  calls  ▲  to  another 
B,  the  distance  by  land  is  about  eight  hundred  feet,  but  the  course 
of  the  rWer  is  near  two  thousand.  From  A  to  another  place  C^ 
ia  a  right  line  is  two  thousand  eight  hundred  feet,  but  the  course 
of  the  water  is  near  eight  thousand  feet. 

Accordingly,  on  Friday  July  24,  1747,  there  met  at  Stoke 
Newington  the  president  of  the  Royal  Society  and  sereral  other 
gentlemen :  when  erery  being  thing  disposed  as  before,  and  the  wire 
estended  from  A  to  B  and  C,  oyer  the  meadow,  without  touching  the 
water.  When  erery  thing  was  thus  disposed,  and  the  signals  gtren, 
the  chafged  phial  was  exploded  se? eral  times,  and  the  electrical 
eommotkni  erery  time  smartly  felt  by  the  obserrers  both  at  A  and 
B.  In  the  like  trials  with  th^  places  A  and  C,  the  commotions  were 
perceptible  from  A  Id  C  ;  a  distance  not  less  than  two  thousand 
e^t  hundred  feet  by  land,  and  near  eight  thousand  by  waters 

To  execute  this,  to  the  former  wire,  which  was  already  conduct* 
ed  to  B,  another  was  added,  which  there  crossed  the  rirer  with- 
out touching  the  water ;  and  reached  almost  to  C,  where  the  first 
of  a  line  of  gentlemen  held  as  before  the  wire  in  one  hand,  and 
the  last  dipped  the  iron  into  the  water.  The  wire  from  the  ma« 
cUae  to  A  was  as  before.  Its  effects  were  plainly  though  but 
foiatly  perceived  each  time  by  some  of  the  obserrers,  but  nerer  by 
them  all.  The  electrical  commotion  was  always  felt  by  that  ob- 
iener,  who  held  the  extremity  of  the  wire,  but  nerer  by  him  who 
held  the  iron  rod  in  the  water.  It  was  in  one  experiment  felt  by 
the  obaerrer  who  held  the  wire,  not  felt  by  the  next  who  held  the 
hand  of  the  former,  and  yet  plainly  perceived  by  the  third  who 
jefaed  die  second.  Those  who  did  not  themselves  feel  the  electri- 
cal ceauBotioa  here,  did  as  at  B,  see  the  involuntary  motions  of 
tkoae  who  did.  The  observers  at  A  felt  the  shocks  in  the  same 
degree,  whether  the  other  observers  were  stationed  at  B  or  C. 

This  experiment  further  demonstrates  the  distance  to  which  the 
alec ti  leal  power  may  be  conveyed :  but  the  same  difficulty  oecarf 
Imre  aa  ia  tte  httt,  viz«  whether  the  circuit  was  completed  hj  the 
water  of  the  river,  or  by  the  ground  which  was  wet? 
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To  resolye  this  doobt  then,  the  gentlemen  met  again  July  ^8, 
1747  :  when  the  electricul  commotion  was  first  tried  from  A  to  B 
beforementioned,  the  iron  wire  in  its  whole  length  being  supported, 
without  any  where  touching  the  ground,  by  dry  sticks  placed  at 
proper  interrals,  of  about  three  feet  in  lieight.  The  obserren 
both  at  A  and  B  stood  on  originally.electrics,  and,  on  the  signal, 
dipped  their  iron  rods  into  the  water.  On  discharging  the  phial, 
wliich  was  seTeral  times  done,  tliey  were  both  very  much  shocked, 
much  more  so  than  when  the  conducting  wire  lay  on  tlie  ground, 
atd  the  observers  stood  on  it,  as  in  the  former  experiments.  The 
same  eiperiment  was  tried  with  the  observer  at  A,  instead  of  the 
iron  rod,  dipping  a  narrow  slab  of  Portland  stone  into  the  water  of 
about  three  feet  and  a  half  in  length  ;  when  the  shock  was  frit,  bat 
not  so  severe  as  through  the  iron  rod.  Tliis  demonstrated,  as  was  be* 
fore  suggested,  why  the  electrical  commotion  was  not  felt  itrooger 
by  the  observers  on  the  western  shore  of  Westminster  bridge,  via. 
that  Portland  stone  standing  in  water  will  conduct  electricity  very 
considerably. 

The  gentlemen  then  tried  wliat  would  bedthe  effect,  if  tlieob> 
server  at  B  stood  on  a  cake  of  wax  holding  the  wire  as  before^  and 
touched  the  ground  of  the  meadow  with  his  iron  rod  at  least  a 
hundred  and  fifty  feet  from  the  water ;  and  if  the  observer  otnally 
placed  near  the  river  at  A,  had  his  wire  carried  a  hundred  asd  fif- 
ty feet  over  the  river  as  the  former,  stood  on  an  origioally^elee- 
tric,  and  touched  tlie  ground  with  his  iron  rod.  On  theezptoiion 
of  the  charged  phial,  which  was  several  tiroes  done,  both  tlie  oh* 
servers  were  smartly  struck.  This  demonstrated,  that  in  these 
instances  the  moist  ground  of  the  meadows  made  part  of  the  di^ 
cuit.  The  observers  were  distant  from  each  other  about  five  hmu 
dred  feet. 

The  observers  then,  stationed  as  in  the  last  ezperiment,  stood  on 
the  wax  cakes  as  before,  without  touching  the  ground  with  the 
iron  rods,  or  any  part  of  their  bodies,  and  the  charged  phial  was 
exploded  four  times.  These  were  not  at  all  felt  by  the  obaerver 
next  to  B,  and  without  the  greatest  attention  would  not  have  bean 
perceived  by  him  next  to  A  ;  and  then  only  in  some  of  the  trials, 
the  feeling  of  the  electricity  was  like  that  of  a  small  pulse  between 
the  finger  and  thumb  of  that  hand  which  held  the  wire.  The  loadsd 
phial  wu  again  discharged  four  times  more,  without  any  other  ak 
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ttrttioii  in  the  disposition  of  the  apparatus  than  that  the  obseryer 
oeit  to  B  stood  oo  the  ground  ;  when  the  electrical  commotion 
was  perceired  by  the  observer,  though  not  so  sharp  as  when  the 
other  obserrer  at  the  same  time  stood  on  the  ground.  The  ob* 
•errer  neit  to  A  felt  the  tingling  between  his  finger  and  thumb  as 
before. 

The  gentlemen  were  desirous  of  trying  the  electrical  commotion 
at  n  still  greater  distance  than  any  of  the  former  throui^h  the  water, 
nod  where,  at  the  same  time  by  altering  the  disposition  of  the  ap. 
paratas,  it  might  be  tried  whether  that  p  wer  would  be  percepti* 
ble  through  the  dry  ground  only  at  a  considerable  distance.  High- 
bury Barn  lM*yond  Islington  was  thought  a  convenient  place  for 
tilii  purpose,  as  it  was  situated  on  a  hill  nearly  in  a  line,  and  al* 
most  equi.dbtant  from  two  stations  on  the  New  River,  somewhat 
more  than  a  mile  asunder  by  land,  though  following  the  course  of 
tluit  fiver  their  distance  from  eacli  other  was  two  miles.  The  hill 
iMtween  these  stations  was  of  i  gravelly  soil ;  which,  from  the 
late  continuance  of  hot  weather  without  rain,  was  dry,  full  of 
cracks,  and  consequently  was  as  proper  to  determine  whether  the 
electricity  would  be  conducted  by  dry  ground  to  any  great  dis* 
taoce,  af  could  be  desir<'d*  Accordingly,  on  Wednesday,  August 
A9  1747,  they  met  at  Highbury  Barn.  The  electrifying  machine 
being  placed  up  one  pair  of  the  stairs  in  the  house  there^  a  wire 
from  the  coated  phial  was  conducted  on  dry  sticks  as  before  to  that 
•tatioa  by  the  side  of  the  New  River,  which  was  to  the  northward 
of  tiM  house*  The  length  of  this  wire  was  three  furlongs  and  six 
dbaiiii,  or  9376  feet.  Another  wire  fastemd  to  the  iron  bar,  with 
which,  in  making  the  explosion,  the  gun-barrel  was  touched,  was 
caoodncted  in  like  manner  to  the  station  on  the  New  River  to  the 
iOttthward  of  the  house.  The  length  of  this  wire  was  four  furlongs 
fivediaini  and  two  poles,  or  3003  feet.  The  length  of  both  wires, 
•zclosive  of  their  turnings  round  the  sticks,  was  one  mile  one 
chain  and  two  poles,  or  5379  f^i.  For  the  more  conveniently  des- 
crihinf  tJie  experiments  made  here,  we  will  call  the  station  to  the 
Aorthward  D,  and  the  other  B. 

At  tliis  distance  the  gentlemen  proposed  to  try,  first,  whether 
tiM  electrical  commotion  was  perceptible,  if  both  the  observers  at 
D  and  E.  supported  by  originally-electrics,  touched  the  conducting 
wire  with  one  hand,  and  the  water  of  the  New  River  with  an  iron 
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rod  held  in  the  other  ?  Sdlj^  Whether  that  commolion  was 
perceptible,  if  the  obserrer  at  £,  being  in  all  respects  as  before, 
the  observer  at  D,  standing  on  wax,  took  his  rod  outol  the  water? 
3dly,  Whether  that  commotion  was  perceptible  to  both  obaenrers, 
if  the  obser? er  at  D  was  placed  on  wax,  and  touched  the  groimd 
with  his  iron  rod  in  a  drj  gravelly  field  at  least  300  yards  fron 
the  water  ? 

'Jo  try  the  first  proposition,  severaf  explosions  were  made  with 
the  observers  at  D  and  £,  touching  the  water,  and  standing  on 
wax,  with  their  iron  rods  in  the  water  ;  when  the  observers  aft  boCk 
stations  felt  the  electrical  shock. 

To  try  the  second  proposition^  four  explosions  were  made  with 
the  obsenrers  at  D  standing  on  an  originally  •electric,  and  taking 
his  iron  rod  out  of  the  water,  the  observer  at  £  as  before.  In 
each  of  these  the  observer  at  D  felt  a  small  pulsation  between  liii 
finger  and  thumb  of  that  hand,  which  held  the  wire*  The  observer 
at  £  felt  each  of  these  as  strong  lb  before.  The  four  other  eaple- 
sions  were  made  without  any  other  alteration  in  the  apparataSi 
than  that  the  observer  at  D  stood  on  the  ground  about  fonr  yards 
from  the  water  without  any  communication  with  it.  Tlie  obser* 
ver  at  £  felt  the  shocks  in  his  arms  as  before  ;  but  the  observer  at 
D  standing  on  the  ground  was  shocked  in  the  elbow  and  wriitef 
that  arm  which  held  the  wire,  and  in  both  his  ancles. 

To  try  the  third  proposition,  eight  explosions  were  made  with 
the  obserrer  at  D  standing  on  an  originally-electric  with  his  rod 
in  the  water  of  tfie  ri?er  as  before  ;  but  the  observer  at  £  wu 
placed  in  a  dry  gravelly  Bold  about  three  hundred  yards  nearer  the 
inachine  than  his  last  station,  and  about  one  hundred  yards  distant 
from  the  river.  He  there  stood  on  the  wax,  holding  th»  coodad- 
ing  wire  in  one  hand,  and  touched  the  ground  with  an  iron  rod 
held  in  the  other.  The  shock  was  each  time  felt  by  the  observer 
at  D,  but  sensibly  weaker  than  in  the  former  trials  ;  bat  the  ob. 
server  at  £  felt  them  all  equally  strong  with  the  former;  the  first 
four  in  his  arms,  when  he  stood  on  the  wax,  and  to  Ached  Hm 
ground  with  his  iron  rod ;  the  other  four  in  his  arm  and  aadefi 
when  he  stood  on  the  ground  without  the  iron  rod* 

By  the  experiments  of  this  day,  the  gentlemen  were  aatisfiid 
that  the  dry  gravelly  ground  conducted  the  electricity  as  strongly 
as  water^  which,  though  otherwise  at  first  conjectured,  they  nofr 
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foHod  not  to  be  necesstry  to  convey  that  power  to  grfat  distances; 
as  well  as  tliat,  froai  diflereoce  of  distance  onlj«  tbe  force  of  tlie 
electrical  commotion  was  verj  little  if  at  all  impaired. 

In  ooo  instance  tke  circuit  was  formed  from  the  phial  bj  the  ob. 
•eirer  at  D  and  his  wire,  a  line  of  ground  which  reached  from  the 
station  at  D  to  the  broken  wire  that  lav  on  the  ground,  and  so 
much  of  this  wire  as  reached  to  the  short  iron  rod,   which  tonched 
the  gaa.barrel  in  making  the  explosions.     This  indnced  the  gen. 
Uemeo  to  oonclade,  as  from  many  asperiments  it  was  manifest ,  that 
when  the  interrening  substances  conduct  electricity  equally  well, 
the  circuit  was  performed  in  the  shortest  way  possible;  that  when 
tke  obatrvers  holding  their  iron  rods  in  the  river  at  D  and  £  were 
both  skockedi  the  electricity  was  not  conveyed  by  the  water  of  the 
Hver,  being  two  miles  in  length,  but  by  land,  where  the  distance 
was  OB^  one  mile ;  in  which  space  that  power  must  necessarily 
fUM  over  the  New  River  twice,  through  seyeral  graveUpits^  and  a 
large  stubble-field.     So  that  admitting  the  electricity  did  not  foU 
low  the  track  of  the  river,  the  circuit  from  D  to  E  was  at  least  two 
miles,  vis.  somewhat  more  than  one  mile  of  wire,  which  conducted 
tke  electricity  from  the  bouse  to  the  stations,  and  another  mile  of 
groood,  the  shortest  distance  between  those  stations.     The  same 
inference  was  now  drawn  with  regard  to  the  experiments  at  A,  B, 
and  C,  in  the  New  River  before  recited,  viz.  that  as  in  all  of  them 
the  distance  between  the  observers  was  much  greater  by  water  than 
by  land,  the  electricity  passed  by  land  from  one  observer  to  the 
other,  and  not  by  water. 

From  the  shocks  which  the  gentlemen  received  in  their  bodies, 
when  the  electrical  power  was  conducted  by  dry  sticks,  they  were 
of  opinion^  that  from  difference  of  distance  simply  considered,  as 
ibr  aa  they  had  yet  experienced,  the  force  was  very  little  if  at  all 
iflspaired.  When  they  stood  on  origtnally.electrics,  and  touched  the 
water  or  ground  with  an  iron  rod,  the  electrical  commotion  wa$ 
always  felt  in  their  arms  and  wrists :  when  they  stood  on  the 
gvouid,  and  touched  either  the  water  or  ground  with  their  iron 
rods,  they  felt  the  shock  in  their  elbows,  wrists,  and  ancles ; 
when  they  stood  on  the  ground  without  the  rod,  the  shock  was  al- 
ways in  the  elbow  and  wrist  of  that  hand  which  held  the  conduct- 
lag  wire,  and  in  both  ancles.  The  observers  here  being  sensible  of 
tto  eltctrical  commotion  in  dlflferent  parts  of  their  bodies,  was  ow. 
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ing  in  the  first  instance  to  the  whole  of  it  puting,  because  tlie 
obser? er  stood  on  wax,  through  their  arms,  and  through  the  iroo 
rod ;  in  the  second,  when  thej  stood  on  the  ground,  the  electricity 
passed  l)oth  through  their  legs,  and  through  the  iron  ;  in  the  third^ 
when  they  stood  on  the  ground  without  either  wax  or  rod,  tiM 
electricity  directed  its  way  through  one  arm,  and  through  both 
legs  to  complete  the  circuit. 

The  gentlemen  were  desirous  of  closing  the  present  inqnlrj, 
by  examining  not  only  whether  the  electrical  cororootiont  were 
perceptible  at  double  the  distance  of  the  last  experiments  in  ground 
perfectly  dry,  and  where  no  water  was  near  ;  but  also,  if  possible, 
to  distinguish  the  respecti? e  Telocities  of  electricity  and  sound*  To 
execute  this,  required  their  whole  sagacity  and  address  ;  for  tbtj 
had  met  with  very  great  difiiculties  in  the  last  day's  operatkHis» 
where  the  wire  was  conducted  but  little  more  than  a  mile ;  all 
which  could  not  but  be  greatly  augmented  by  doubling  thai  dkm 
tance;  because  it  was  necessary,  that  the  house,  in  wUcb  tlia 
electrifying  machine  was  placed,  should  be  Tisible  at  least  at  one  of 
the  stations ;  and  that  the  space  between  that  house  and  Che  sta. 
tions,  through  which  the  wire  was  conducted,  should  be  Tery  littie 
intersected  by  hedges,  roads,  or  foot. paths;  neither  should  the 
wire  in  this  space  be  subject  to  be  disturbed  by  the  horses  or  cattle, 
which  were  grazing ;  nor  ought  to  touch  in  its  passage  the  trees, 
or  any  other  regetables,  which  at  this  season  of  the  year  were 
eTery  where  luxuriant.  To  find  a  place  within  a  conyenlent  dir 
tance  of  Loudon  with  these  requisites  was  not  Tery  etay ;  but  al 
last  Shooter's  Hill  was  pitched  on,  as  the  most  conTentent.  As 
only  one  shower  of  rain  had  fallen  during  the  preceding  five  weekSy 
the  ground  could  not  but  be  rery  dry ;  and  as  no  water  was  near« 
if  the  electrical  commotion  was  felt  by  the  obsenrers  at  the  stations. 
It  might  be  safely  concluded,  that  water  had  no  share  in  conduct, 
ing  it. 

Accordingly,  August  14,  1747,  they  met  at  Shooter's  HHl  fcr 
this  purpose.  It  was  here  determined  to  make  twelve  exploisons 
of  the  coated  phial,  with  an  obsenrer  placed  at  the  seTen-mUs 
stone,  and  another  at  the  nine.mile  stone,  both  standing  on  waX| 
and  touching  the  ground  with  an  iron  rod.  This  number  of  ezpto*  . 
sions  was  thought  the  more  necesMry,  as  the  observers  at  these 
stations  were  not  only  to  examine  whether  the  electricity  wonM^ 
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propigated  to  so  great  a  dbtaoce,  but  if  it  were,  the  obserTer  at 
tbe  seten-mile  stone  was  by  a  second  watch  to  take  notice  of  the 
tine  lapsed  between  feeling  the  electrical  commotion,  and  hearing 
the  report  of  a  gun  fired  near  the  machine,  as  close  as  might  be  to 
the  instant  of  making  the  explosion  ;  and  therefore,  to  examine  this 
matter  with  the  requisite  exactness,  this  number  of  explosions 
should  be  made* 

To  execute  this,  the  electrifying  machine  was  placed  up  one  pair 
of  stairs  in  a  house  on  the  west  side  of  Shooter's  IJill,  and  a  wire 
from  a  short  iron  rod,  with  which  the  gun.barrel  was  touched  in 
making  the  explosions,  was  conducted  on  dry  sticks  as  before  into 
a  field  near  the  seyen.mile  stone.  'Ihe  length  of  this  wire,  ezclu* 
sive  of  its  turnings,  round  the  sticks,  was  a  mile,  a  quarter,  and 
eight  poles,  or  673^  feet.  In  great  part  of  this  space  it  was  found 
Terj  difficult  to  support  the  wire,  on  account  of  our  scarcely  being 
able  to  fix  the  sticks  in  the  strong  gravel  there  almost  without  any 
cover  of  soil ;  nor  could  the  wire  in  some  places  be  prevented 
from  touching  the  brambles  and  bushes,  nor  in  one  field  the  ripe 
barley* 

Another  wire  was  likewise  conducted  on  sticks  from  the  coated 
pUal  to  the  nine-mile  stone.  In  this  space,  the  soil  being  a  strong 
clay,  the  wire  was  very  well  secured,  and  in  its  whole  length  did 
not  touch  the  bushes.  The  length  of  this  wire  was  3868  feet.  As 
much  as  the  place,  where  the  observers  were  stationed  in  a  corn- 
field, was  nearer  the  machine  than  the  seTen*mile  stone,  so  much 
were  the  other  observers  placed  beyond  the  nine.mile  stone,  that 
Ikeir  distance  from  each  other  might  be  two  miles*  The  40  feet  of 
wire  in  these  two  measures  exceeding  two  miles,  was  what  con. 
Btcted  the  short  iron  rod  beforementioned,  and  the  coated  phial, 
wHh  their  respective  conducting  wires* 

The  observers  being  placed  at  their  respective  stations,  the  ob- 
server  at  the  machine  proceeded  in  making  the  explosions  of  the 
eontsd  phial ;  by  which  the  observers  at  the  nine-mile  stone  were 
vny  strongly  shocked;  and  they  were  also  felt  at  the  seven-mile 
stooe.  This  demonstrated  that  the  circuit  here  formed  by  the 
dectricHj  was  four  miles,  viz.  two  miles  of  wire,  and  two  miles  of 
ground,  the  space  between  the  extremities  of  that  wire*  A  dbtanee 
witihoot  trial  too  great  to  be  credited!  how  much  farther  the 
siectrical  commotion  w&l  be  perceptible,  future  observations  can 
only  determine* 
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The  electrical  commotion  by  the  obseryen  near  the  seren-milt 
stone  was  but  slightly  felt;  nor  could  it  be  otherwue  expecttd, 
the  wire  in  many  parts  of  its  length  touching,  as  was  beforeraeii- 
tioned,  the  moist  Tegetables  ;  which,  in  as  many  places  as  they 
were  touched,  formed  subordinate  circuits.  We  find,  in  aU  other 
instances,  that  the  whole  quantity  of  electricity,  accumulated  in  the 
coated  phial,  is  felt  equally  through  the  whole  circuit,  when  erery 
part  is  in  a  great  degree  non*electric  ;  so  here  the  whole  qiiaDtity, 
or  nearly  so,  determinrd  that  way,  was  felt  by  the  observers  at  ike 
nine.mile  stone  ;  while  those  at  the  other  station  felt  so  much  of 
their  quantity  only,  as  did  not  go  through  the  vegetables ;  that  is, 
that  proportion  only  in  which  iron  is  a  greater  non-electric  thaa 
the  vegetables. 

Though  the  electrical  commotions,  felt  by  the  obserrerB  near 
the  seven-mile  stone,  were  not  strong  ;  they  were  equally  coado* 
sive  in  showing  the  diflference  between  the  respective  Telodties  of 
electricity  aud  sound*  The  space  through  which  sound  is  props* 
^ated  in  a  given  time,  has  been  very  differently  estimated  by  the 
authors  who  have  written  on  this  subject.  Roberval  gives  it  at  the 
rate  of  560  feet  in  a  second  ;  Gassendus  at  1473  ;  Merseone  at 
1474 ;  Du  Hamel,  in  the  History  of  the  Academy  of  Sciences  at 
Paris,  at  1172;  the  A.cademy  del  Cimento  at  1185;  Boyle  at 
12CX) ;  Roberts  at  1300 ;  Walker  at  1338  ;  Sir  Isaac  Newton  at 
"968;  Or.  Derham,  in  whose  measure  Mr.  Flamstead  and  Dr. 
Halley  acquiesced,  at  1 142.  But  by  the  accounts  since  pablished 
by  M.Cassini  de  Thury  in  the  Memoirs  of  the  Royal  Academy  of 
Sciences  at  Paris  for  the  year  1738,  where  cannon  were  fired  at 
various  as  well  as  great  distances,  under  great  variety  of  weather^ 
wind,  and  other  circumstances,  and  where  the  measures  of  the 
different  places  had  been  settled  with  the  utmost  exactness,  sound 
was  propagated  at  a  medium  at  the  rate  only  of  1038  French  feet  ia 
a  second.  The  French  foot  exceeds  the  English  by  7|  lines,  or  is 
9fi  107  to  114  ;  and  consequently  1038  French  feet  are  equal  to 
1106  English  feet.  The  difference  therefore  of  the  measures  of 
Dr.  Derham  and  M.  Cassini  is  3-i>  French  or  36  English  feet  in  a 
second.*    According  to  the  last  measure,  the  Telocity  of  sonndi 


•  M.CoMini  de  Thury  afterwards  neasored  the  velocity  of  waod  at  Aigm. 
■ortet  io  Laoguedoc,  and  foand  the  observations  there  from  those  made  abfat 
Paris  vary  only  half  a  toisc  in  a  second.  See  Mem.  de  l^Acad.  Royale  des 
Sciences,  pour  raD06  il39,  p.  i26.^0rig;. 
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wiien  the  wind*  is  stilly  is  settled  at  the  rate  of  a  mile,  or  5280 
English  feet  io  4-^''. 

To  returo  to  our  porpose :  the  length  of  the  conducting  wire 
from  the  machine  to  the  obser? ers  near  the  se? en.mile  stone  was 
6733  feet ;  the  length  of  that  to  the  nine-mile  stone  3868  feet. 
The  first  of  these  measures  only  was  made  use  of  in  the  present 
operations  concerning  the  velocity  of  electricity.  In  twelve  dis- 
charges of  the  coated  phial,  which  were  felt  by  the  observers  near 
the  seven.mile  stone,  and  who,  by  a  second  watch  of  Mr.  Gra- 
ham^s,  measured  the  time  between  feeling  the  electrical  commo- 
tion and  hearing  the  report  of  the  gun,  with  the  utmost  attention 
and  exactness,  was  at  a  medium  5^  seconds.  And  as  the  gun  was 
distant  from  these  observers  6733  feet,  it  follows,  from  the  expe. 
rimentt,  which  have  been  made  on  the  velocity  of  sound,  that  the 
real  instant  of  the  discharge  of  the  gun  preceded  that  of  the  obser« 
▼ers  hearing  its  report,  at  this  time,  when  the  strength  of  the  wind 
was  not  so  great  as  to  enter  into  the  computation,  6iV<ft^»  ^^ 
preceded  the  Instant  when  the  electrical  commotion  was  felt  onljr 
0|^V'.  But  this  instant  was,  from  the  nature  of  the  experiment, 
necessarily  prior  to  that  of  the  electrical  explosion,  which  was  not 
made  till  the  fire  of  the  gun  was  actually  seen ;  and  therefore  the 
time  between  the  making  of  that  explosion  and  its  being  actually 
felt  by  the  observer,  which  must  have  been  less  than  0|Sjy^,  was 
renlly  so  small,  as  not  to  fall  under  any  certain  observation^  when 
it  is  to  be  distinguished  from  that  which  must  of  necessity  be  lost^ 
between  the  firing  of  the  gun  and  the  electrical  explosion  itself. 

In  all  the  experiments  where  the  circuit  was  formed  to  any  con- 
siderable length,  though  the  coated  phial  was  very  well  charged, 
the  snap  at  the  gun.barrel,  on  this  explosion,  was  not  near  so 
lond  as  when  the  circuit  is  formed  in  a  room  ;  so  that  a  by- 
stander, though  versed  in  these  operations,  from  seeing  the  flash 
and  hearing  the  report,  would  imagine  the  stroke  at  the  ends  of  the 
condnctiog  wire  to  be  very  slight ;  the  contrary  of  which,  when 
the  wire  has  been  properly  conducted,  has  always  happened. 


*  Dr.DeilHun  foimd,  that  when  sound  was  carried  ajcainst  the  wind,  not 
oalj  its  distance  but  iti  velocity  was  lessened  ;  and  iu  M.  Cassinrs  memoir, 
there  U  an  experiment,  where  soond  being  carried  against  the  wind,  which 
then  blew  very  strongs  was  retarded  near  a  twelfth  part  of  the  usual  time  io  its 
profrew.— Orig. 
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From  a  review  of  these  ex()eriineiitS)  the  following  obserTatlont 
may  be  deduced. 

1.  That  in  all  the  preceding  operations,  when  the  wires  bars 
been  properly  conducted,  the  electrical  commotions  from  the 
charged  phial  hate  only  been  Tery  considerable,  when  the  ob. 
serve rii  at  the  extremities  of  the  wire  have  touched  some  sab* 
stance  readily  conducting  electricity  with  some  part  of  their  bo* 

dies. 

ti.  Thai  the  electrical  commotion  is  always  felt  most  sensiblj  in 
those  parts  of  the  bodies  of  the  observers,  which  are  between  the 
conducting  wires,  and  the  nearest  and  the  most  noo-electric  sub- 
stance; or  in  other  words,  so  much  of  their  bodies  as  comes  within 
the  electric  circuit. 

3.  That  on  these  considerations  we  infer,  that  the  eleetrical 
power  IS  conducted  between  these  obserrers  by  any  noii*electrie 
substances,  which  happen  to  be  situated  between  them,  and  con- 
tribute to  form  the  electric  circuit. 

4.  That  the  electrical  commotion  has  been  perceptible  to  two 
or  more  observers  at  considerable  distances  from  each  other,  evCl 
as  far  as  two  miles. 

5.  That  when  the  observers  have  been  shocked  at  the  end  of  two 
miles  of  wire,  ue  infer  that  the  electrical  circuit  b  four  miles,  vis, 
two  miles  of  wire,  and  the  space  of  two  miles  of  the  nonelectric 
matter  bi-tween  the  observers,  whether  it  be  water,  earth,  or  both. 

6«  That  the  electrical  commotion  is  equally  strong,  whether  it  is 
conducted  by  water  or  dry  ground. 

7.  That  if  the  wires,  between  the  electrifying  machine  and  ^ 
observers,  are  conducted  on  dry  sticks,  or  other  substances  non- 
electric in  a  slight  degree  only,  the  effects  of  the  electrical  power 
are  much  greater  than  when  the  wires  in  their  progreu  touch  the 
ground,  or  mobt  vegetables,  or  other  substances  in  a  great  degree 
non-electric* 

8.  That  by  comparing  the  respective  relocities  of  electridtj 
and  sound ;  that  of  electricity,  in  uny  of  the  distances  yet  expe» 
rienc^d,  is  nearly  instantaneous. 

The  gentlemen  concerned  were  still  desironSy  if  possiUe,  of 
ascertaining  the  absolute  velocity  of  electricity  at  a  certain  dis- 
tance ;  because,  though  last  year  in  measoring  the  respective  telo- 
cities  of  electricity  and  sound,  the  time  of  its  progress  was  fovnd 
to  be  Terj  little,  jret  they  were  desirons  of  Juowiof ,  small  as 
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that  time  was,  whether  it  was  measureable ;  and  Mr.  W.  had 
thoaght  of  another  method  for  this  purpose. 

Accordingly,  August  5,  1748,  there  met  at  Shooter*s  Hill  for 
this  purpose  the  president  of  the  Royal  Society,  and  se? eral  other 
gentlemen :  when  it  was  agreed  to  make  the  electrical  circuit  of 
two  miles,  in  the  middle  of  which  an  obseryer  was  to  take  in  each 
hand  one  of  the  extremities  of  a  wire,  which  was  a  mile  in  length. 
These  wires  were  to  be  so  disposed  that,  this  observer  being  placed 
on  the  floor  of  the  room  near  the  electrifying  machine,  the  other 
obserrers  might  be  able  in  the  same  view  to  see  the  explosion  of 
the  charged  phial  and  the  observer  holding  the  wires,  and  might 
take  notice  of  the  time  lapsed  between  the  discharging  the  phial 
and  the  convnlsive  motions  of  the  arms  of  the  observer  in  conse- 
quence  of  it ;  as  this  time  would  show  the  velocity  of  electricity, 
throagh  a  space  equal  to  the  length  of  the  wire  between  the  coated 
phial  and  this  observer. 

When  all  parts  of  the  apparatus  were  properly  disposed,  several 
explosions  of  the  charged  phial  were  made  ;  and  it  was  invariably 
seen,  that  the  observer,  holding  in  each  hand  one  of  the  extremi. 
ties  of  these  wires,  was  conTulsed  in  both  his  arms  in  the  instant 
of  making  the  explosions.  Instead  of  one,  four  men  were  then 
placed  holding  each  other  by  the  hand  near  the  machine,  the  first 
of  which  lield  in  his  right  hand  one  extremity  of  the  wire,  and  the 
last  man  the  other  in  his  left.  They  were  all  seen  convulsed  in 
(he  instant  of  the  explosion.  Every  one  who  felt  it,  complained  of 
the  severity  of  the  shock.  It  was  then  tried  whether,  as  the  ground 
was  wet,  if  the  explosion  was  made  with  the  observer  holding  the 
extremity  of  each  wire  standing  on  the  ground  near  the  window  of 
the  honsoi  any  difference  would  arise  in  the  success  of  the  experi- 
ment; no  difference  was  found,  the  observer  being  shocked  in 
the  instant  of  the  explosion  as  before  in  both  his  arms,  and  across 
his  breast.  On  these  considerations  they  were  fully  satisfied,  that 
throngh  the  whole  length  of  this  wire,  being  12376  feet,  the  velo. 
city  of  electricity  was  instantaneous. 

Mr.  W.  took  notice,  in  a  sequel  to  the  experiments  relating  to 
electricity*,  of  an  observation  of  professor  Bose  of  Wittenberg, 
wis.  <^  that  if  the  electrifying  machine  b  placed  on  originally. 
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electricf,  the  man  who  robs  the  globe  with  his  hands,  eyen  mider 
these  apparently  favourable  circumstances,  gifes  no  sign  of  being 
electrised  when  touched  by  fto  onexcited  non-electric.  Bat  if 
another  person,  standing  on  the  floor,  does  bat  touch  the  globe  is 
motion  with  the  end  of  one  of  his  fingers,  or  any  other  non-electriCi 
tte  person  rubbing  is  instantly  electrised,  and  that  rery  strongly," 
This  experiment,  almost  a  year  since,  Dr.Befis  carried  fartter, 
by  placing  whatever  non.electric  toucbi^d  the  globe  as  a  condacter, 
whether  it  were  a  man  or  a  gun.barrel,  on  originally-electrics*  If 
theui  either  the  man  who  mbbed  the  globe,  or  he  who  only  hdd 
bis  finger  near  its  equator,  were  touched  by  any  person  standiDg 
on  the  floor,  a  snapping  from  either  of  them  was  perceptible  oo 
that  touch* 

Mr.  W«  ofiers  a  solution  of  this  phenomenon,  and  thea  gives 
another,  to  the  same  purport,  from  Mr.  Franklin  of  America. 

At  this  time,  says  Mr.  W.  I  am  the  more  particular  coBOen- 
ing  the  solution  of  this  singular  appearance,  as  MnCollinsoo,  a 
worthy  member  of  this  society,  has  received  a  paper  concerning 
electririty  from  au  ingenious  gentleman,  Mr.  Franklin,  a  friend  of 
his  in  IVnnsylvania.  This  paper,  dated  June  ],  1/47, 1  Tery  lately 
perused,  by  favour  of  our  most  worthy  president.  Among  other 
curious  remarks,  there  is  a  like  solution  of  this  fact;  for  tfaoagh 
this  fj^eiitleroan's  experiment  was  made  with  a  tube  instead  of  s 
g1obi>,  the  diflerence  is  no-ways  material.  As  this  experiment  was 
made,  and  the  solution  given  on  the  other  side  of  the  Atlantic 
Ocoan,  before  this  gentleman  could  possibly  be  acquainted  witi 
our  having  observed  the  same  fact  here,  and  as  he  seems  very  con- 
versant in  this  part  of  Natural  Philosophy,  I  take  the  liberty  of 
laying  before  yon  his  own  words. 

^^  1.  A  person  standing  on  wax,  and  rubbing  the  tube,  and 
another  person  on  wax  drawing  the  fire;  they  will  both  of  thea, 
provided  they  do  not  stand  as  to  touch  one  another,  appear  to  be 
electrised  to  a  person  standing  on  the  floor  ;  that  is,  he  wiU  per. 
ceiv«^  a  spark  on  approaching  each  of  them  with  hit  kaackki 
2.  But  if  the  persons  on  wax  touch  one  another  during  the  ezcttiiy 
of  the  tube,  neither  of  them  will  appear  to  be  electrised.  3.  If 
they  touch  one  anothf  r  .ifter  exciting  the  tube  and  drawing  the  fire 
u  aforesaid,  there  will  be  a  stronger  spark  between  them,  than 
was  between  either  of  them  and  the  person  on  the  floor.  4.  After 
such  a  strong  spark  neither  of  them  discover  any  electricitj. 
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**  Thrttt  apiieBrflncES  we  attempt  to  account  fur  thus  :  we  sup.  - 
poM  (hat  electrical  lire  is  a  common  element)  of  which  eiery  ona 
of  these  Ihri-e  persunl  has  his  equal  share  before  any  operatrun  is 
brgun  with  the  lube.  A,  who  stJiids  on  wai,  and  rubs  the  tube, 
colleiti  the  elecrrical  fire  from  himself  inio  the  glass;  and  his 
c«mmuiii<'atton  with  Ihe  common  stock  being  cut  olT  by  the  wax, 
Iris  body  is  not  again  immediately  supjilied,  B,  who  stands  on 
wai  tilcewise,  pusing  hii  knuckle  along  near  the  tube,  i 
fifr  which  was  collected  by  the  glass  from  A  ;  and  his  c 
cation  with  the  cammon  stock  being  cut  olT,  he  retains  the  addi- 
tion,tl  qnantily  received.  To  C,  standing  on  the  floor,  both 
apjK-ar  (o  be  electrised  :  for  he,  hafittg  only  the  middle  quantity  of 
electrical  fire,  reci-i*es  a  spark  on  approaching  B,  who  has  an  OTer 
qnantily,  but  gives  one  to  A,  who  has  an  under  quantity.  If  A 
>nd  B  approach  to  touch  each  other,  the  spark  is  stronger;  be. 
eatise  the  difTerence  betxreeii  them  is  greater.  After  such  touch, 
there  is  no  spark  between  «-ither  of  them  and  C,  because  the  elec> 
trin.1  Grc  in  all  is  reduced  lu  the  original  equality.  If  they  touch 
whPo  elcrclrising  lite  equality  is  never  destroyed,  the  tire  only 
circulating.  Hence  have  urisen  some  new  terms  among  un.  We 
say,  B  (and  bodies  alike  circumstanced)  is  electrised  positively  ; 
A,  negstively;  ar  rather,  1)  is  electrised  plus,  A  minus.  And  we 
iloily  in  our  experiments  electrise  plus  or  minus,  as  we  think  pro- 
per. To  electrise  plus  or  minus,  no  more  Deeds  be  known  than 
thh  ;  thU  the  parts  of  the  lube  or  sphere  that  are  rubbed;  do  in 
(be  instant  of  the  friction  attract  the  electrical  lire,  and  therefore 
t«k*  it  ffom  the  thtiig  rubbing.  The  same  part*  immediately,  as 
the  friction  nn  them  ceases,  are  disposed  to  give  the  fire,  they  hare 
reeelveri,  to  any  body  that  has  less.  Thus  you  may  circulate  it,  as 
Mr.  Wuaon  has  shown  *  ;  you  may  also  accumulate  or  subslract 
it,  an  or  from  any  body,  at  you  connect  that  body  with  the  rub. 
b«,  or  with  the  receiver,  the  coraravinicatiou  with  the  common 
atock  being  cut  off." 

The  iolulioii  uf  this  gentleman,  in  relation  to  this  phxuomenon, 
BO  nclualty  corresponds  with  that  which  I  offered  very  enrly  lut 
spring,  that  I  could  not  help  commuaicafing  it. 

In  bodies  having  the  power  of  readily  conducting  electricity, 


.^ 
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ibis  seems  to  depend  Tery  little  on  their  specific  grafitj,  rimpTf 
considered :  metals  for  instance,  and  water,  are  in  a  gre«t  degree 
non.electrics,  and  consequently  condact  electricity  the  best  of  aay 
substances,  that  have  yet  fallen  onder  oar  notice  ;  wlieveat  the 
calxes  of  metals,  though  very  dense  bodies,  and  ? ery  graaflj  man 
so  than  water,  prevent  in  a  great  degree  the  qoick  propagation  of 
the  electrical  power.  So  that  a  phial  coated  within  and  witlmt 
with  ceruse,  i.  e.  the  calx  of  lead,  and  electrised,  did  noti  tm  Iht 
application  as  usual  of  one  hand  to  the  external  surfaov^  awl 
touching  the  prime  conductor  with  the  other,  occasion  my  ahocky 
or  make  any  explosion,  more  than  the  simple  strokio  from  the 
prime  conductor.  The  same  observation  holds  good  with  wgard 
to  red  lead,  litharge,  and  lunar  caustic  or  the  calx  of  atlTep,  aona 
of  which  snap  when  electrised.  For  the  same  reason,  fiUngs  of 
iron,  which  are  rnsty,  u  e.  have  their  surfaces  conTertod  Into  a 
calx,  are  much  less  proper  to  be  put  in  glasses  to  make  the  Leydea 
experiment,  than  those  that  arc  not ;  inasmuch  as  these  last  cms 
a  much  louder  explosion  than  the  first* 

Mr.  W.  procured  a  glass  jar  as  large  as  possible,  so  that  the  glan 
might  be  very  thin ;  the  height  of  which  was  twenty.two  inches, 
the  periphery  forty.one.  This  was  covered  within  and  vrithoat, 
leaving  a  margin  of  an  inch  at  top,  with  leaf*  brass.  As  mvch  sf 
the  internal  surface  as  was  covered  amounted  to  1129  square 
inches.  But  the  difficulty  he  met  with  in  procuring  this  ginss,  was 
sufficiently  recompensed  by  the  great  increase  of  the  ezploeion  fraa 
it,  when  fully  electrised,  and  discharged  in  the  same  manner  as  b^ 
fore.  The  report  was  vastly  louder;  all  the  attendant  plmnamtu 
greatly  exceeded  any  thing  of  this  kind  he  was  before  acqnaintsd 
with.  As  the'quantity  of  metal  within  this  far  did  not  oxesod  twe 
drams,  this  experiment  gives  further  weight  to  his  opinion  in 
regard  to  the  manner  of  increasing  the  effects  of  the  Leyden  ejb 
periment ;  and  from  what  the  phaenomena  of  that  aurpridng  expe- 
riment principally  proceed ;  viz.  not  from  the  volume  of  the  pttaN 
conductor,  nor  from  the  quantity  of  non*electrical  matter  con- 
tained in  the  glass,  but  from  the  number  of  points  of  non*electrlcsl 
contact  both  within  and  without.side  of  the  glass,  and  from  the 
density  of  the  matter  constituting  those  points.  It  must  be  observed 
that  caeteris  paribus,  the  electrical  explosion  is  greater  ffom  hst 
water  included  in  ghuses,  than  from  cold  ;  and  from  these  gto 
jars  wanned,  than  when  they  are  oold. 
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Tbe  fiplo&iong  from  (he  large  glasses  jutt  menlioneil  fully 
el«ct(Ued,  as  well  as  from  small  od«9  under  the  same  circuni- 
•tancei,  will  not  b«  considerable,  unless  the  circuit  be  completed ; 
that  i»,  unless  some  matter,  non>electric  in  a  consideratrie  degree, 
Atid  io  contact  with  the  coatings  of  the  phiaU,  is  brought  into  coo. 
tact,  or  Dearly  so,  with  such  non.eleclrics  as  communicate  with 
ihe  inBttt^T  contained  in  the  phials  themselres.  When  indeed  the 
circuit  can  be  completed,  tbe  explosion  froni  the  large  glasses  is 
prodigious  ;  ibe  whole  quantity  of  electricity  aicuniulalcd,  or 
MMrly  CO,  being  discharged  in  an  instant.  But  Ihe  fact  is  othw 
wise  if  the  circuit  is  not  completed,  and  tbe  iron  rod  in  the  mouth 
of  one  of  these  pbkis  is  louched  by  a  non. electric  (the  liand  of  a 
man  for  iostance)  not  in  cootact  with  the  tail  wire  :  for  then  there 
will  be  no  bsplosion,  no  shock;  but  the  person  approaching  his 
finger  o«ar  the  iron  rod,  will  see  a  socceisjon  of  small  sparks, 
more  intensely  red  tlian  that  large  one  seen  when  the  phials  explode 
at  once  ;  and  tlif  person  making  the  experiment  will  feel  a  very 
pungent  pain,  but  confined  to  that  finger  which  touches  the  iron 
roj,  Tbii  succession  of  sparks  continues  till  the  electricity  accu. 
mutated  in  the  phials  is  nearly  exhausted.  So  that  the  explosion 
Trom  any  giten  quantity  of  electricity,  accumulated  as  beforemen* 
tioDed,  is  greater  or  lesii  in  proportion  to  the  lime  expended  in 
ipakiiig  that  explosion  i  in  like  manner  as  a  giren  quantity  of 
Krained  gunpowder  rammed  hard  in  a  pistol,  is  almost  instantaneous, 
ly  fired,  and  that  with  a  great  report ;  when  the  same  quantity  of 
gunpowder  rubbed  fine,  and  rammed  hard,  takrs  a  considerable 
lim«  ia  burning  as  a  squib,  and  make;  no  explosion. 

From  what  he  has  advanced,  it  may  possibly  be  conjectured, 
that  the  ekclrical  effluvia  occupy  only  the  surfaces  of  bodies  elec- 
trised ;  as  we  found  that  a  very  small  body  of  matter,  distributed 
under  a  rery  large  surface,  would  occasion  a  grciter  accumulation 
of  electricity,  tlian  a  much  more  considerabla  qunntiiy  of  matter 
under  a  less.  But  that  the  electricity  occupies  the  whole  masfes 
of  bodies  electrised,  and  passes  through  their  constituent  parts, 
Mr.  W,  thinks  is  clearly  demonstrated  by  the  following  experiment. 

He  enfeloped  an  iron  rod,  about  three  feil  io  length,  with  a 
mUtnre  of  wax  aud  resin,  leaTiog  free  from  this  mixture  only  one 
inch  at  each  end.  This  iron  was  warmed,  when  thus  filieil,  that 
tb«  whok  of  its  surface  where  it  was  intended  might  be  covered, 
u  » 
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NThii  rod,  when  electrised  at  one  of  its  ends,  snapped  at  stroogij 
at  the  other,  as  thooah  It  was  without  wax  and  resin.  This  oHild 
not  have  happened  from  the  electrldties  ptssing  along  the  inrfiMa 
of  the  iron  rod,  becanse  there  it  was  prevented  by  the  ori((lisdly« 
electrics,  and  conseqnentlj  most  of  necessity  pass  through  it«- 
Again,  a  phhd  of  water  in  the  eKperiftent  of  I^yden  ean  be  elac* 
trised,  and  may  be  caased  to  explode,  though  the  wire,  tiHtchbi 
'the  water  in  the  phkl  in  making  that  experiment,  be  rmi  thnmgfc 
^  wax  stopple,  exactly 'fitted  to  the  month  of  the  phiaL 

Be  caused  a  glass  tube,  open  at  each  end,  and  about  two  iNi 

and  ^  half  long,  to  be  capped  with  brass  cemented  to  tile  ••ds^ 

the  tube.    In  the  centre  of  each  of  these  caps  wu  fttleaed  «ek«. 

der  brass  rod ;  and  these  were  disposed  so  in  the  tube,  mm  to  eeaw 

Within  half  an  inch  of  each  other.     When  the  tube  waa  imipctly 

suspended  in  silk  lines,  with  one  of  its  extremitlet  nemrrngtaasfMiek 

Kk^tion,  the  brass  work  at  both  ends  snapped  equallyetraog.  Attta 

'  electridty  could  not  pass  along  the  surface  of  this  tnbe  wariod  and 

'Wiped  clean,  this  effect  could  not  have  happened,  nnleaa  te  elsfe* 

'tridfy  penraded  the  substance  of  the  brass  caps.    On  toachiaglhs 

brass  At  the  end  of  the  tnbe  most  remote  from  the  electrifyiiig  Ma* 

'chine,  the  snaps  from  one  of  the  brass  rods  within  the  ttfbe  fotk 

'other  were  seen  to  correspond  with  the  snaps  withoat,     Moiwak- 

-)>erimehts  of  this  kind  might  be  added,  but  these  he  piittiiMSS  art 

sufficient  to  show,  that  the  electricity  occupies  the  whole  mniBMQf 

'son. electric  bodies  electrised. 

Mr.  W.  raeAtions  a  series  of  experiments  he  had  made  in  looia; 

from  the  comparison  of  which  with  the  experiments  In  open  air,  it 

appears  that  our  atmosphere,  when  dry.  Is  the  agent  by  whicli 

With  the  assistance  of  other  electrics  per  se,  we  are  enabled  kkwc^ 

cumulate  electricity  In  and  upon  non.electrics ;  that  la,  to  ooau 

iBunleate  to  them  a  greater  quantity  of  electricity  than  tiiey  «SIb* 

'tally  htfve :  h^ce  also  we  see,  that  on  the  remoTal'  of  tiie  air,  tis 

'electricity  pervades  the  Taeuum  to  a  considerable  ^ilstisiee,  aad 

manifests  Its  civets  on  any  non-electrics,  which  teraidnate  thafva. 

ewtfm :  and  by  these  means  that'ori|^na1ly«electric  bodies,  'e¥f»la 

their  most  perfect  state,  put ^on  the  appearance  of  tton^eloctricf, 

•  by  beconiflg  the  ooidacters  of  eleetricity. 

[PAf/.  Trans.  Mr.  1M7S8. 


r. 


op  KLRCTRICITT. 


>.  The  *9Mt  SHbjfet  coHtinutrii. 
Bjr  At  suae. 

Mm.  Watson  laid  before  thp  Royil  Socieljr*  an  account  of  wh«t 
h»A  been  Aanr  by  notDp  gentlrmen,  in  order  to  ascerlnjn  the  re*pec> 
tin  »elueHies  of  plectFicily  and  ^ound  ;  from  whifh  it  Rppeared, 
Uut  tbrau^tl  a  apace  mea.iurin^  0732  feet,  (lie  electricily  wa> 
prmiitible  in  a  qunnlity  of  limt  less  (han  ^3^  of  a  srcuod.  But 
1^  grntlemrn  concerned  were  ilestroux,  if  possible,  of  asrerlainine 
the  abaalula  velocity  of  electricity  at  a  certain  distance :  and  a  me. 
t&nd  had  bet-a  thought  of,  by  which  this  might  be  dclcrinined  with 
great  axaetncM. 

Accordingly,  August  5,  1748,  there  met  at  Shooter's  Hill  for 
lhi«  piirpOM-,  the  preiidenl  of  the  K.  S.  the  Re*.  Mr.  Birch,  the 
Krr.  Dr.  Bradley,  ailrooomer  royal,  James  Burrow,  Esq,  Mr. 
Ellicot,  Mr.  George  Graham,  Kichard  Graham,  Eiq.  the  Rct. 
.Wr.  Ixwri*,  Cbarlas  Stanhope,  Esq.  and  Mr.  W.  who  were  of 
Uie  Rojal  Society  ;  also  Or.  Beiia,  and  Mr.  Gri^chow,  jun.  a 
mnmhKt  of  the  Royal  Academy  of  Sciences  nt  Berlin. 

It  was  agreed  to  make  the  electrical  circuit  oftvro  miles  ;  in  the 
middle  of  which  on  observer  was  to  tjke  in  each  hand  one  of  th« 
•Itrenilietof  a  wire,  which  was  a  mile  in  length.  These  wires  were 
(o  be  N>  disposed,  that  this  observer  bting  [daced  uii  th':  ttottr  of  the 
roona  ovar  the  electrical  machine,  Iheother  observers  might  be  able  in 
thr  tame  view  to  see  the  explosion  of  the  charged  phial,  and  the  ob. 
■•rvcr  holding  ibe  wire  ;  and  might  take  notice  of  fie  time  lapsed 
belwevn  the  dilcharging  the  phtal  and  the  convnlsive  motions  of  the 
arais  of  the  observer  in  consequence  of  it ;  as  this  lime  would  shotr 
(h«  Telocity  of  electricity,  through  a  space  equal  to  the  length  of 
llw  wire  between  the  coated  pliiiil  and  the  observer. 

Tb«  electrifying  machine  was  placed  in  the  same  house  as  it  waa 
toflt  j«ar.  We  then  found  ourselves,  says  Mr.  W.  greatly  embar- 
raucd  by  tbe  wire's  being  conducted  by  the  side  of  the  road,  which 
we  were  compelled  to,  on  account  of  the  space  necessary  fur  the 
m^asoriiig  of  sound  ;  bat  so  great  a  distance  from  the  machine  wai 
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not  now  wanted,  though  the  circnit  through  the  wire  wts  intended 
to  be  at  least  two  miles.  We  bad  discorered,  by  our  former  expe- 
riments, that  the  only  caution  now  necessary  was,  that  the  wires 
conducted  on  dry  sticks  should  not  touch  the  ground,  nor  etch 
other,  nor  any  non.electrical  in  a  considerable  degree^  in  any  pait 
of  their  length  ;  if  they  did  not  touch  each  o  her,  the  retnmi  of  the 
wire,  be  they  erer  so  frequent,  imported  little,  as  the  wire  had 
been  found  to  conduct  electricity  so  much  better  thmn  tbe  sUdn. 
It  was  therefore  thought  proper  to  place  these  sticks  in  a  field  ifij 
yards  distant  from  the  machine.  The  length  of  thit  field  btiag 
eleven  chains,  or  7M  feet,  eight  returns  of  the  wire  from  ikt  top 
to  the  bottom  of  the  field,  made  somewhat  more  thaii  a  mOe^  and 
sixteen  returns  more  than  two  miles,  the  quantity  of  wire  iaieaded 
for  the  electricity  to  pass  throut^h  to  make  the  ezpertmeot* 

We  had  found  last  year,  that  on  discharging  the  electrified  pldalSt 
if  two  observers  made  their  bodies  part  of  the  circait,  ooe  of  whidi 
grasped  (he  leaden  coating  of  the  phial  in  one  hand,  and  held  iakb 
other  one  extremity  of  the  conducting  wire;  and  if  dM  otker ob- 
server held  the  other  extremity  of  the  conducting  wire  in  one  liaad, 
and  took  in  his  other  the  short  iron  rod  with  which  the  espMoQ 
was  made  ;  on  this  explosion,  they  were  both  shocked  in.  Aesaas 
instant,  which  was  that  of  the  explosion  of  the  phial.  If  flwrtfoie 
an  observer,  making  his  body  part  of  the  circuit,  was  sbodLadia 
the  instant  of  the  explosion  of  the  charged  phial  in  the  middle  of  the 
wire,  no  doubt  would  remain  of  the  velocity  of  electricity  being 
instantaneou!)  through  the  length  of  that  whole  wire.  Bat  if,  on  ths 
the  contrary,  the  time  between  making  the  explosion*  and  leeiog 
the  convulsions  in  the  arms  of  the  observer  holding  the  condacti^g 
wires,  was  great  enough  to  be  measured,  we  then  should  be  aUe  to 
ascertain  its  velocity  to  the  distance  equal  to  half  the  qnandtfof 
wire  employed  only,  let  the  manner  of  the  electricity's  disckaigiiig 
itself  be  what  it  would. 

To  make  the  experiment,  the  same  phial  filled  with  filings  of  imB| 
and  coated  with  sheet-lead,  which  was  used  last  year^  was  pjacsd 
in  the  window  of  the  room  near  the  machine,  and  was  connectsd 
to  the  prime  conductor  by  a  piece  of  wire.  To  the  coating  ^ 
this  phial  a  wire  was  fastened ;  which  being  conducted  on  dfy 
sticks  to  the  before-mentioned  field,  was  carried  in  like  maaaer  to 
the  bottom ;  and  being  conducted  thus  from  the  bottom  of  the  field 
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to  tbe  top,  and  from  the  top  to  the  bottom  seveQ  other  times,  re. 
torned  again  into  the  room  and  was  held  in  one  hand  of  an  ob. 
server  near  the  machine.  From  the  other  hand  of  this  observer 
another  wire,  of  the  same  length  with  the  former,  was  conducted 
in  the  same  manner,  and  retarned  into  the  room,  and  was  fastened 
to  the  iron  rod  with  which  the  explosion  was  made.  The  whole 
length  of  the  wires,  allowing  ten  yards  for  their  tarns  round  tbe 
tticlLB,  amounted  to  two  miles  and  a  quarter  and  six  chains,  or  12276 
feet 

Wlien  all  parts  of  the  apparatus  were  properly  disposed,  several 
explosions  of  the  charged  phial  were  made;  and  it  was  invariably 
seen,  that  the  observer  holding  in  each  hand  [one  of  the  extremities 
of  these  wires  was  convulsed  in  both  his  arms  in  the  instant  of  malLing 
the  explosions. 

Instead  of  one,  four  men  were  then  placed,  holding  each  other 
by  the  hand  near  the  machine,  the  first  of  which  held  in  his  right 
liand  one  extremity  of  the  wire,  and  the  last  man  the  other  in  his 
left.  These  also  were  all  seen  convulsed  in  the  instant  of  the  ex- 
plosion. Every  one  who  felt  it  complained  of  the  severity  of  the 
shock. 

On  these  considerations  we  were  fully  satisfied,  that  through  the 
whole  length  of  this  wire,  being  12276  feet,  the  velocity  of  the 
electricity  was  instantaneous. 

lid. 

SECTION  III. 

Jtmospherical  Electricity. 

Ain  is  one  of  those  bodies  which  have  received  the  name  of 
€lectricy  because  they  are  capable  of  being  positively  or  negatively 
charged  with  electric  matter.  It  not  only  contains  that  portion  of 
electricity  which  seems  necessary  to  the  constitution  of  all  terres. 
■  trial  bodies,  bntit  is  liable  also  to  be  charged  negatively  or  positively 
wben  electricity  is  abstracted  or  introduced  by  means  of  conducting 
botf  es.  These  different  states  must  occasion  a  variety  of  phieno. 
mena,  and  in  all  probability  contribute  very  considerably  to  the 
TBrions  combinations  and  decompositions  which  are  continually 
going  on  in  air.  The  electrical  state  of  the  atmosphere,  then,  is  a 
point  of  considerable  importance,  and  has  with  great  propriety  oc« 
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copied  the  attention  of  pliilosophprs  ever  since  Dr.FraDklio  denoo. 
strated  that  thunder  is  occasioned  by  the  agency  of  electricity. 

!•  The  most  complete  set  of  observations  on  the  electricity  of 
the  atmosphere  were  made  by  Professor  Beccaria  of  Turin.  Ha 
found  the  air  almost  always  positiTely  electrical,  especially  in  the 
day  time  and  in  dry  weather.  When  dark  or  wet  weather  clean 
op,  the  electricity  is  always  negative,  Ix>w  thick  fog$  risii^  inio 
dry  air  carry  up  a  great  deal  of  electric  matter. 

3.  In  the  morning,  when  the  hygrometer  indicates  dryness eqval 
to  that  of  the  preceding  day,  positive  electricity  obtains  even -befon 
sunrise.  As  the  son  gets  up,  this  electricity  increases  more  re- 
markably if  the  dryness  increases.     It  diminishes  in  the  evening. 

3.  The  mid-day  electricity  of  days  equally  dry  is  proportiOBal  t» 
the  heat. 

4.  Winds  always  lessen  the  electricity  of  a  clear  day,  esptciallj 
if  damp. 

5.  For  the  most  part,  when  there  is  a  clear  sky  and  littk  vuid| 
a  censiderable  electricity  arises  after  sunset  at  dew  falling. 

6.  Considerable  light  has  been  thrown  upon  the  sources  of  atao. 
spherical  electricity  by  the  experiments  of  Saussnre  and  other  phi* 
losophers.  Air  is  not  only  dectrified  by  friction  like  other  efcctik 
bodies,  but  the  state  of  its  electricity  is  changed  by  various  chtaicsl 
operations  which  often  go  on  in  the  atmosphere.  ETaponlkNl 
seems  in  all  cases  to  convey  electric  matter  into  the  atmoqihere; 
and  Ssussure  has  ascertained,  that  the  quantity  of  electricity  is  as 
much  increased  when  water  is  decomposed,  as  when  water  it  dropt 
on  a  red  hot  iron.  On  the  ether  hand,  when  steam  is  condensed  iafti 
vesicular  vapour,  or  into  water,  the  air  becomes  n^atively  electric 
Hence  it  would  seem  that  electricity  eaters  as  a  component  part 
into  water ;  that  it  separates  when  water  is  decomposed  or  ou 
paoded  into  steam,  and  is  reunited  when  the  steam  is  condensed 
again  into  water. 

Farther,  Mr.  Canton  has  ascertained  that  dry  air,  when  heated, 
becomes  negatively  electric,  and  positive  when  cooled,  even  when 
it  is  not  permitted  to  expand  or  contract :  and  the  expansion  sad 
contraction  of  air  also  occasion  changes  in  its  electric  state. 

Thus  there  are  four  sources  of  atmospheric  electricity  knnwi: 
I.  Friction;  2.  Evaporation;  3.  Heat  and  cold;  4.  Expansioa 
and  contraction:  not  to  mention  the  electricity  evolved  hji^ 
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meUiog,  freeiiag,  toluliua,  &c.  ofTarious  bodies  in  contact  nilb 

7.  Ai  «irii  an  elccltic,  ibe  matter  of  tlectriul}-,  when  ace amu- 
Uted  in  soy  particular  tirata,  will  nat  imincdiatrly  make  its  aay 
tolbr  nvighliouring  ttrata,  but  will  induce  in  them  change*  similar 
lo  (tbaf  is  inducrd  upon  [•Ul«s  of  itlaM  or  similar  boilir*  piled  upOB 
Mch  otht-r.  Thrrefori.-  if  a  stratum  of  air  be  elecInGrd  po~iti>ely, 
the  «lratun)  immediatit}  abure  ii  will  be  Dt-gaiiie,  the  siratum  aboTe 
that  poiiti?e,  and  so  on.  Suppose  nuw  thai  an  imperftct  conductor 
were  to  cone  into  contact  uilh  each  of  these  strata,  we  know, 
from  the  ptinciples  of  eleclricii;,  that  Ihe  equilibrium  would  be 
restoied,  and  that  this  houIiI  be  alteudeil  with  a  loud  noi<e,  and 
with  a  flash  of  ligbL  Clouds  which  consist  of  Tesiculat  rapours 
mixed  itrlh  particles  of  air  are  imperfect  conductors;  if  a  cloud 
therefore  cume  into  contact  with  two  such  strata,  a  thuiidrr.clap 
would  follow.  Uaposilife  stratum  be  situated  near  Ihetarth,  the 
intetTeiiliun  of  a  cloud  will,  by  serving  as  a  stepping-stone,  bring 
the  stratum  within  the  tlrikln^  distance,  and  a  thunder-clap  will  be 
hrard  white  the  electrical  fluid  is  discharging  Itself  into  the  eartb. 
If  the  strMttta  be  negalirc,  the  contrary  eflecls  will  take  place,  (t 
dues  not  appear,  that  thunder  is  often  uccasiuni-d  by  a  dbch  rge  of 
H«<tric  natter  from  the  farth  into  Ihe  atmosphere.  The  accident!, 
nott  of  them  al  Uast,  which  were  formerly  nscrilied  to  this  cause, 
ftre  DOW  much  more  saliafactocily  accountpd  for  by  Lord  Stanhopo'i 
Th«orif  of  Ihe  Returning  Stroke.  Neither  docs  it  appear  that  , 
-electricity  is  orien  discharge')  into  Ihe  earth,  as  the  cfTects  of  fev  | 
thunder- storms  are  fisiblc  upun  tiie  earth  ;  that  i(  is  so  sometime^  J 
towe^er.  is  certain. 

In  ciamining  and  detailing  this  curious  phenomena,  there  itiM 
vti*  rnnat^  entitled  to  particular  attention  :  -it  is  thla,  th«^>f 
•during  every  discharge  of  electricity,  whether  natural  or 
*ictal,  through  air,  some  change  simitar  to  combusliun  uRdonbta, 
«dlj  tmkis  place.  The  light  and  the  jiecultar  smell  with  whi 
<k1I  e|i-clrtcal  dtichari;et  ure  accompanied  demons) rate  this;  f 
nu  light  is  perceptible  when  electricity  is  disrhBr>;i>d  in  a  n 
-euum.  What  the  change  is  which  electricity  produces  in  air,  o 
-^w  it  produces  it,  are  questions  which,  iu  the  present  state  « 
tnr  knowledge,  are  altogether  insotuble.     Bnt  the  rery  ratt«ordl*  i 


dOO      ELECTRICITY  OF  THUNDER  AND  LIOBTNIHO* 


nary  gdranic  phenomena  which  at  present  occupy  the  attention  of 
philosophers  promise  not  only  to  throw  light  npon  this  importail 
subject,  but  to  demonstrate  a  much  closer  connectkm  between 
chemistry  and  electricity  than  has  hitherto  been  suspected. 

[Thomson* 


CHAP.  XLIII. 
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SECTION   I. 

Crtneral  history  of  this  curious  and  interesting  dUeo/oerg. 

X  HERE  is  uo  subject  in  natural  hbtory  that  has  more  attracted  er 
more  deserred  to  attract  the  attention  of  philosophers^  than  As 
cause  of  Thunder  and  Lightning.  The  magnificence,  power  and 
splendour  of  these  combined  meteors — ^the  tremendous  sonnd^ths 
brilliant  and  rapid  corruscation,  and  the  awful  effects  prodsosd 
without  any  visible  instru mentality ,  have  all  concurred  in  ixuf 
the  mind  in  all  ages  upon  these  stupendous  phaenomena* 

Among  the  Greek  philosophers  the  sources  of  thunder  aid 
lightning  were  separated  from  each  other.  The  former  was  as- 
cribed to  a  variety  of  causes,  of  which  Lucretius  enomerstlM  not 
less  than  ten,  the  principal  of  them  being  the  shock  of  doiidl 
ligainst  clouds,  and  of  winds  against  winds,  meeting  together  from 
adverse  points.  The  latter  was  attributed  to  an  accamolatioo  o( 
pure  etherial  particles  of  elementary  fire,  of  ezqnbite  minutan—i 
concentrated  in  the  cloud  or  clouds,  whence  the  thunder*stom 
issued,  and  there  creating  a  gass  or  vapour  of  a  peculiar  and  indU 
fidual  quality*,  an  idea  strongly  congruous  with  the  discoveiiss 
of  modern  times. 

It  was  long  afterwards  supposed,  that  both  phaenomena  h^A  om 
common  origin,  and  proceeded  from  sulphureous,  oitroiis,  bits- 
jninous  or  other  inflammable  vapours  ascending  from  the  bowels  <lf 

•  See  Good^s  Lucretius  aod  Notet,  book  vi.  v.  96|  and  foUowtnf  • 
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the  cuih,  and  fermenting  together  in  the  atmosphere.  Thomson, 
that  ha  might  be  sure  of  being  right,  enlists  the  whole  of  these 
ioto  iervice ;  first  describing  the  ascent  of  inflammable  snbstancet 
into  the  atmosphere ;  and  then  telling  us  that  thej  there  gradually 

Ftrnunt;  till  by  the  touch  etherial  rous'd, 

The  dash  of  clouds,  or  irritating  war 

Of  fighting  Kinds,  while  all  Is  calm  below. 

They  farious  sprinf^.  Summer,  1  lOS. 

Witkin  the  last  half  century,  however,  philosophers  hare  confined 
tiMmseltet  to  the  etherial  touch  alone ;  to  the  accumulation  of 
particles  of  elementary  fire  of  a  peculiar  quality,  to  which  alone 
the  school  of  Epicuros  ascribed  the  origin  of  lightning,  and  they 
iwye  abondantly  succeeded  in  proving,  that  this  peculiar  quality  it 
that  ot  tiie  electric  fluid ;  or,  in  other  words,  that  thunder  and 
yghtoing  are  altogether  electrical  phenomena. 

The  phlloiophers  of  the  middle  of  the  last  century  had  not  pro* 
ceeded  far  in  their  eiperiments  and  enquiries  on  this  subject, 
before  they  perceived  the  obvious  analogy  between  lightning  and 
electricity,  and  they  produced  many  arguments  to  evince  their 
identify.  But  the  method  of  proving  this  hypothesis  beyond  a 
donbt,  was  first  proposed  by  Dr.  Franklin,  who,  about  the  close 
•f  tlie  year  1749,  conceived  the  practicability  of  drawing  lightning 
dk>wa  from  the  clouds.  Various  circumstances  of  resemblance 
Wtween  lightning  and  electricity  were  remarked  by  this  ingenious 
pUotopher,  and  have  been  abundantly  confirmed  by  later  disco. 
vctiet|  rach  as  the  following :  flashes  of  lightning  are  usually  seen 
Cfooked  and  waving  in  the  air ;  so  the  electric  spark  drawn  from 
wm  irregular  body  at  some  distance,  and  when  it  is  drawn  by  an 
imgiriar  bedyi  or  through  a  space  in  which  the  best  conductors 
wtm  disposed  in  an  irregular  manner,  always  eihibits  the  same 
appearaoce ;  lightning  strikes  the  highest  and  most  pointed  objects 
in  Its  course,  in  preference  to  others,  as  hills,  trees,  spires,  masts 
4lf  ddpi,  ftc. ;  so  all  pointed  conductors  receive  and  throw  off  the 
dectfle  fluid  more  readily  than  those  that  are  terminated  by  flat 
iarftoes:  lightning  is  observed  to  take  and  follow  the  readiest  and 
best  coftductor ;  and  the  same  is  the  case  with  electricity  in  the 
dtscharge  of  the  Leyden  phial ;  whence  the  doctor  infers,  that  in 
ft  thiiiider.storm,  it  would  be  safer  to  have  one's  clothes  wet  thaa 


dry :  lifhtDing  b«rM,  dis6ol¥i>c  laehils*  cHids  some  iMdies, 
Umm  sertk«t  persons  blind,  destroys  ajiimtl  life,  drpnmr 
•f  dMir  Tirtur,  or  reveffscs  tlicir  poles;  aod  all  thesft ■■» wtH^ 
known  properties  of  electricity. 

But  lightning  also  gires  polarity  to  the  msgnetic  needle,  ns  well 
as  to  all  bodies  that  hafe  any  thing  of  iron  In  them,  as  bricks,  ftct 
and  by  obsenring  afterwards  which  way  the  magnetic  poles  of  thess 
bodies  lie,  it  may  thence  be  known  in  what  directton  the  tCroks 
passed.  Persons  are  sometimes  killed  by  lightning  withoot  esU* 
biting  any  yisib1t>  marks  o'  injury ;  and  in  this  case  Stgntor  Biwa 
ria  supposed  that  the  lightning  does  not  really  toadi  thui,  bil 
only  produces  a  sudden  mcuum  near  then,  and  the  air  rnshi^^ 
violently  out  of  their  lungs  to  sapply  it,  they  cannot  rao< 
breath  again :  and  in  proof  of  this  opinion  he  alleges,  that  ikm  li 
of  such  persons  are  found  flaccid ;  whereas  these  are  fonnd  infalsi 
when  the  persons  are  really  killed  by  the  electric  shock  ;  hsa  l^po* 
thesis,  however,  was  controverted  by  Dr.  Priestley  :  and  a  ktttsr 
theory,  that  of  the  returning  stroke,  has  since  been  iatrodaotd  hf 
Lord  Stanhope  to  eiplain  the  phasnomenon. 

To  demonstrafe,  by  actual  eiperiment,  the  identity  of  tka  alee* 
trie  fluid  with  the  matter  of  lightning,  Dr.  Franklin  oontiivnd  Is 
bring  lightning  from  the  heavens,  by  means  of  a  paper  kite,  pio* 
perly  fitted  up  for  the  purpose,  with  a  long  fine  wire  string,  beacs 
called  an  electrical  kite,  which  he  raised  when  a  thunderstorm  wis 
perceived  to  be  coming  on  :  and  with  the  electricity  thns  nhfalnsdL 
he  charged  phials,  kindled  spirits,  and  performed  all  otker  inch 
electrical  experiments  as  are  usually  eihibited  by  an  excited  flais 
globe  or  cylinder.  This  happened  in  June  1762,  a  month  afttr  As 
electricians  in  France,  in  pursuance  of  the  method  wliicli  ka  hsd 
before  proposed,  had  verified  the  same  theory,  but  witlmnl  aaf 
knowledge  of  what  they  had  done.  The  most  active  of  tkaaa  wan 
Messrs.  Daltbard  and  Delor,  followed  by  M.  Maaeaa  and  IL 
Monnier. 

In  April  and  June  1753,  Dr.  Fraaklin  discoveied  that  tka  ab  il 
sometimes  electrified  negatively,  as  well  as  sometimes  positiva^  s 
and  he  even  found  that  the  clouds  would  change  from  positiia  fta 
negative  electricity  several  times  in  the  course  of  OQe  tknndar«goilt 
Tbb  curious  and  important  discovery  he  soon  perceived  was  oafMb 
Mt  of  bmog  applied  to  practical  use  in  life,  and  in  oansaqnenat  ht 
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proposed  a  method,  which  he  soon  accomplished,  of  securing  build. 
logs  from  being  damaged  by  lightning,  by  means  of  conductors. 

Nor  had  the  English  philosophers  been  inattentive  to  this  sub. 
ject :  bat,  for  want  of  proper  opportunities  of  trying  the  necessary 
experiments,  and  from  some  other  unfavorable  circumstances,  they 
had  hitherto  failed  of  success.  Mr.  Canton,  however,  succeeded  in 
Jvly  175S;  and  in  the  following  month,  Dr.  Bavis  and  Mr.WiU 
■on  observed  nearly  the  same  appearances  as  Mr.  Canton  had  done 
before.  By  a  number  of  experiments  Mr.  Canton  also  soon  after 
•baerred,  that  some  clouds  were  in  a  poiiitive,  while  some  were  in 
m  negative  state  of  electricity  ;  and  that  the  electricity  of  his  con. 
ductor  wovld  sometimes  change,  from  one  state  to  the  other,  five 
or  six  tines  in  less  than  half  an  hour. 

Bat  Sfg.  Beccaria  discovered  this  variable  state  of  thunder, 
oloads,  before  he  knew  that  it  had  been  observed  by  Dr.  Franklin 
€>r  any  other  person  ;  and  he  has  given  a  very  exact  and  particular 
acconnt  of  the  externa]  appearances  of  those  clouds.     From  the 
observations  of  his  apparatus  within  doors,   and  of  the  lightning 
abroad,  he  inferred  that  the  quantity  of  electric  matter  in  a  com- 
mon thnnder.storm,  is  inconceivably  great,  considering  how  many 
pointed  bodies,  as  spires,  trees,  &c.  are  continually  drawing  it  off, 
aod  what  a  prodigious  quantity  is  repeatedly  discharged  to  or  from 
tiie  earth.     Thb  matter  is  in  such  abundance,  that  he  thinks  it 
inpossible  for  any  cloud  or  number  of  clouds  to  contain  it  all,  so 
M  either  to  receive  or  discharge  it.     He  observes  also,  that  daring 
the  progress  and  increase  of  the  storm,  though  the  lightning  fre^ 
qnentlj  struck  to  the  earth,  the  same  clouds  were  the  next  moment 
ready  to  make  a  still  greater  discharge,  and  his  apparatus  cooti* 
aned  to  be  as  much  affected  as  ever ;  so  that  the  clouds  mast  have 
foccfved  at  one  part,  in  the  same  moment  when  a  discbarge  was 
Hide  from  them  in  another.     And  from  the  whole  he  concladeS| 
All  the  clouds  serve  as  conductors  to  convey  the  electric  fluid  from 
thoie  parts  of  the  earth  that  are  overloaded  with  it,  to  those  that 
nro  eihansted  of  it.    The  same  cause  by  which  a  clond  is  first 
nlsedy  from  vapours  dispersed  in  the  atmosphere,  draws  to  it 
thofe  that  are  already  formed,  and  still  continues  to  form  new 
ones,  till  the  whole  collected  mass  extends  so  far  as  to  reach  a  part 
Of  (lie  earA  where  there  is  a  deficiency  of  the  electric  fluid,  and 
where  thfe  electric  matter  will  discharge  itself  on  the  earth.    A 


S04       BLSCTRICITT  OF  THUHDBU  AND  LIOHTNINO. 

channel  of  communication  being  thus  produced,  a  fresh  supply  o( 
electric  matter  is  raised  from  the  OTerloaded  part,  which  continues 
to  be  couTeyed  by  the  medium  of  the  clouds,  till  the  equilibrium 
of  the  fluid  is  restored  between  the  two  places  of  the  earth.  Bec« 
caria  observes  further,  that  a  wind  always  blows  from  the  place 
from  which  the  thunder- cloud  proceeds;  and  that  the  sudden 
accumulation  of  such  a  prodigious  quantity  of  yapours  must  displace 
the  air,  aud  repel  it  on  all  sides*  Indeed,  many  obserrations  of 
the  descent  of  lightning,  confirm  hb  theory  of  the  manner  of  its 
ascent;  for  it  often  throws  before  it  the  parts  of  conductin| 
bodies,  and  distributes  them  along  the  resisting  medium,  throagb 
which  it  must  force  its  passage ;  and  upon  this  principle,  the 
longest  flashes  of  lightning  seem  to  be  made,  by  forcing  into  its 
way  part  of  the  vapours  in  the  air.  One  of  the  chief  reasons  why 
these  flashes  make  so  long  a  rumbling  is,  that  their  production  by 
the  vast  length  of  a  yacuum  made  by  the  passage  of  the  electric 
matter :  for  although  the  air  collapses  the  moment  after  it  has 
passed,  and  the  vibration,  on  which  the  sound  depends,  com. 
roences  at  the  same  moment ;  yet  when  the  flash  is  directed  toward 
the  person  who  hears  the  report,  the  yibrations  excited  at  the 
nearer  end  of  the  track,  will  reach  his  ear  much  sooner  than  those 
from  the  more  remote  end ;  and  the  sound  will,  without  any  echo 
or  repercussion,  continue  till  all  the  yibrations  hare  successively 
reached  him. 

How  it  happens  that  particular  parts  of  the  earth,  or  the  clouds, 
come  into  the  opposite  states  of  positive  and  negative  electricity,  is 
a  question  not  absolutely  determined  :  though  it  is  easy  to  concebe 
that  when  particular  clouds,  or  different  parts  of  the  earth,  possess 
opposite  electricities,  a  discharge  will  take  place  within  a  certain 
distance  ;  or  the  one  will  strike  into  the  other,  and  that  in  the  dis- 
charge a  flash  of  lightning  will  be  seen.  Mr.  Canton  queries  whether 
the  clouds  do  not  become  possessed  of  electricity  by  the  gradual 
heating  and  cooling  of  the  air ;  and  whether  air  suddenly  rarefied 
may  not  give  electric  fire  to  clouds  and  vapours  passing  throng  it, 
and  air  suddenly  condensed  receive  electric  fire  from  them*-— Mr. 
Wilcke  supposes,  that  the  air  contracts  its  electricity  in  the  same 
manner  that  sulphur  and  other  substances  do,  when  they  are  heated 
and  cooled  in  contact  with  various  bodies.  Thus,  tiie  air  being 
btated  or  cooled  near  the  earth,  gives  electricity  to  the  earth,  or 
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rectifft  it  from  it ;  and  the  electrified  air,  bebg  conyejed  upward 
by  varioiifl  meaos,  commuDicatef  Its  electricitj  to  the  cloods. 

It  lias  since  been  obserfed  bj  Lord  Mahon,  now  Earl  Stanhope, 
that  damage  may  be  done  by  lightning,  not  only  by  the  main 
stroke  and  lateral  explosion,  but  also  by  what  hb  lordship  calls 
TUK  RETUBNiNG  STMOKE ;  by  which  IS  meant,  as  we  shall  notice 
more  fnlly  in  a  subsequent  article,  the  sudden  and  yiolent  return 
of  that  part  of  the  natural  share  of  electricity  gradually  expelled 
from  some  body  or  bodies  within  the  range  of  the  main  stroke,  by 
the  additional  passage  of  the  electrical  atmosphere  dbcharged  from 
(he  thunder  cloud. 

IPhii.  Tram.  Rozier.  Payne.  Editor. 


SECTION   II. 

Invntion  and  curious  propertie$  of  the  Electrical  Kite*. 

J.  Letter  from  Benjamin  Franklin,  Esq.  to  Mr.  Peter  CoUinson,  F.R.S.  dated 

Philadelphia,  Oct.  1,  17M. 

As  frequent  mention  is  made  in  the  public  papers  from  Europe, 
of  the  success  of  the  Philadelphia  experiment,  for  drawing  the 
electric  fire  from  clouds,  by  means  of  pointed  rods  of  iron  erected 
on  kigh  buildings,  ice.  it  may  be  agreeable  to  the  curious  to  be 
informed,  that  the  same  experiment  has  succeeded  in  Philadelphia, 
tkongk  made  in  a  different  and  more  easy  manner,  which  any  one 
mmj  trjj  as  follows : 

Make  m  small  cross,  of  two  light  strips  of  cedar,  the  arms  so 
loof  as  to  reach  to  the  four  corners  of  a  large  thin  silk  handker. 
chief,  wlien  extended ;  tie  the  comers  of  the  handkerchief  to  the 
eitremities  of  the  cross,  so  you  hare  the  lx>dy  of  a  kite,  which 
being  properly  accommodated  with  a  tail,  loop,  and  string,  will 
rise  in  the  air  like  those  made  of  paper ;  but  this,  being  of  silk, 
if  fitter  to  bear  the  wet  and  wind  of  a  thunder-gust  without  tear. 
iog.  To  the  top  of  the  upright  stick  of  the  cross  is  to  be  fixed  a 
▼ery  sbarp-pobted  wire,  rising  a  foot  or  more  above  the  wood* 
To  the  end  of  the  twine,  next  the  hand,  b  to  be  tied  a  silk  rib- 
band; and  where  the  twine  and  silk  join,  a  key  may  be  fastened. 

•  See  Airther  oo  this  tubject,  lection  ▼.  \. 

TOL.  IT.  X 
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TI10  kiU  ii  to  be  nised  when  a  thander  gust  appears  to  be  cook 
ing  00,  ai^  the  person  who  holds  the  string  mast  stand  wltbin  a 
door,  or  window,  or  ander  some  corer,  so  that  the  silk  ribband 
may  not  be  wet ;  and  care  most  be  taken  that  the  twine  does  not 
tonch  the  frame  of  the  door  or  window.  As  soon  as  anT  of  tiit 
thnnder-ck>ttds  come  oyer  thf.  kite,  the  pointed  wire  will  draw  tl» 
electric  fire  from  them ;  and  the  kite,  with  all  the  twine,  will  hi 
electrified;  and  the  loose  filaments  of  the  twine  will  stand  ost 
•rer  J  way,  and  be  attracted  by  an  approaching  finger. 

When  the  rain  has  wet  the  kite  and  twine,  so  that  it  can  coa* 
dnct  the  electric  fire  freely,  you  will  find  it  stream  out  plentifalff 
from  the  key  on  the  approach  of  yonr  knuckle.  At  this  key  tk 
phial  may  be  charged ;  and  from  electric  fire  thus  obtained  s^nrtts 
may  be  kindled,  and  all  the  other  electrical  experiments  be  per. 
formed,  which  are  usually  done  by  the  help  of  a  rubbed  glass  glob« 
or  tube,  and  thus  the  sameness  of  the  electric  matter  with  that  of 
lightning  completely  demonstrated. 

IPhiL  Tran$.  17M. 

2.  The  same  tubject  continued. 

By  W.WatioD,  Em|.  F.R.S. 

ArrKR  the  communications  received  from  several  correspondenti 
in  different  parts  of  the  continent,  acquainting  us  with  the  sncceis 
of  their  eiperiments  last  summer,  in  endeavouring  to  extract  the 
electricity  from  the  atmosphere  during  a  thunder-storm^  in  cooie* 
quence  of  Mr.  Franklin's  hypothesis,  it  may  be  thought  extraiv* 
dinary  that  no  accounts  have  been  yet  laid  before  the  Socie^  of 
our  success  here  from  the  same  experiments.  That  no  want  of 
attention  therefore  may  be  attributed  to  those  here,  who  baTe  been 
hitherto  conversant  in  these  inquiries,  he  states,  that  though  nefenl 
members  of  the  Royal  Society,  as  well  as  himself,  did,  on  Ae  fiflt 
advices  from  France,  prepare  and  set  up  the  necessary  apparataf 
for  this  purpose,  they  were  defeated  in  their  expectrntions,  by  tht 
uncommon  coolness  and  dampness  of  the  air  here,  dufing  As 
whole  summer.  They  had  at  London  only  one  tbunder-atoni; 
▼iz.  on  July  20 ;  and  then  the  thunder  was  accompanied  with 
rain,  so  that  by  wetting  the  apparatus  the  electricity  was  diaslpafed 
too  soon  to  be  perceived  on  touching  those  parta  of  the  apparatai 
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serted  to  conduct  it.  This  in  general  prevented  terifying 
Mr.  Franklin's  hypothesis;  but  Mr.  Canton  was  more  fortunate, 
u  appears  by  tlie  following  letter  from  him  to  Mr.  Watson ,  dated 
from  SpitaKsqaare,  July  31,  1763. 

^^  I  had  yesterday,  about  live  in  the  afternoon,  an  opportun  ty 
of  trying  Mr.  Franklin's  experiment  of  extracting  the  electrical 
fire  from  the  clouds ;  and  succeeded  by  means  of  a  tin  tube,  be. 
tween  three  and  four  feet  in  length,  fixed  to  the  top  of  a  glass  one, 
of  aboot  18  inches.  To  the  upper  end  of  the  tin  tube,  which  was 
not  so  high  as  a  stack  of  chimn(*ys  on  the  same  house,  I  fastened 
three  needles,  with  some  wire ;  and  to  the  lower  end  was  soldered 
a  tin  corer  to  keep  the  rain  from  the  glass  tube,  which  was  set 
nprigbt  in  a  block  of  wood.  I  attended  this  apparatus  as  soon 
after  the  thunder  began  as  possible,  but  did  not  find  it  in  the  least 
electrified,  till  between  the  third  and  fourth  clap ;  when  applying 
my  knuckle  to  the  edge  of  the  cover,  I  felt  and  heard  an  electrical 
flpark;  and  approaching  it  a  second  time,  I  received  the  spark  at 
the  distance  of  about  half  an  inch,  and  saw  it  distinctly.  This  I 
repeated  fonr  or  five  times  in  the  space  of  a  minute,  but  the  sparks 
grew  weaker  and  weaker,  and  in  less  than  two  minutes  the  tin 
tube  did  not  appear  to  be  electrified  at  all.  The  rain  continued 
daring  the  thunder,  but  was  considerably  abated  at  the  time  of 
niaki^g  the  experiment." 

Mr.  Wilson  likewise  of  the  Society,  to  whom  we  are  much 
obliged  for  the  trouble  he  has  taken  in  these  pursuits,  had  an 
opportoolty  of  verifying  Mr.  Franklin's  hypothesis.  lie  informed 
Mr.  W.,  by  a  letter  from  near  Chelmsford,  in  Essex,  dated  Aug. 
19y  1759,  that  on  that  day  about  noon,  he  perceived  several  elec* 
tiical  maps,  during,  or  rather  at  the  end  of,  a  thunder-storm, 
fkoB  no  other  apparatus  than  an  iron  curtain.rod,  one  end  of 
wUck  ke  pat  into  the  neck  of  a  glass  phial,  and  held  this  phial  in 
Ua  baad.  To  the  other  end  of  the  iron  he  fastened  three  needles 
wi0i  imne  silk.  This  phial,  supporting  the  rod,  he  held  in  one 
buidy  and  drew  snaps  from  the  rod  with  a  finger  of  his  other. 
TUs  experiment  was  not  made  on  any  eminence,  but  in  the  garden 
of  a  gentleman,  at  whose  house  he  then  was. 

Dr.  Bevis  observed,  at  Mr.  Cave*s,  at  St.  John's  gate,  nearly 
Ae  nme  phenomena  as  Mr.  Canton. 

Trifling  as  the  effects  here  mentioned  are,  wheo  compared  with 
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tliOM  which  we  hiTe  received  from  Pftrie  and  Berlia,  they  are  tiM 
onl J  ones  that  the  last  rammer  here  hat  produced ;  and  at  thej 
were  made  by  persons  worthy  of  credit^  they  tend  to  establish  tha 
authenticity  of  those  transmitted  from  our  correspondents. 

Hi. 

SCCTXON  in. 

Coniidtraiiont  to  prevent  Lightning  from  doing  MiichieJ  to 
great  Worke^  high  Buildingi^  and  targe  MagaxineeK 

By  Mr^WiUon,  F.ILS. 

LoNO  experience,  since  the  discovery  by  Dr.  Frankliny  has  now 
established  a  tmth  among  philosophers,  that  lightning,  like  tbt 
electric  fluid,  passes  more  freely  through  iron,  copper,  and  other 
metals,  than  through  dry  wood,  stone,  or  marble.  Instanecs  ef 
this  truth  are  innumerable :  and  to  be  conrinced  of  it^  we  need 
only  trace  the  late  riolent  effects  of  lightning  on  St.  Bride's  church, 
and  the  houses  in  Essei.street,  &c.  For,  on  examining  these 
buildings,  it  appears  that  there  are  certain  thick  bars  of  iroo, 
through  which  the  lightning  has  passed,  without  prodndng  aoj 
visible  effects ;  and,  on  the  contrary,  in  certain  parts  where  the 
junctions  of  those  bars  with  the  stone,  or  wood,  are  made,  there 
the  lightning,  rushing  from  the  iron,  has  broke  the  stone  to  pieces, 
and  shifered  the  wood.  From  the  like  experience  we  alJMi  leara, 
that  if  the  iron  is  too  slender  for  conducting  the  lightning,  it  U 
either  dashed  into  pfeces,  or  exploded  like  gun.powder ;  jnst  in 
the  same  manner  as  we  are  able,  by  the  electric  power,  to  Inreak 
and  dissipate  in  vapour  a  very  slender  wire.  Bars  of  motaly  of  a 
proper  thickness,  and  conveniently  disposed,  seem  therefore  neecs* 
sary  for  the  security  of  such  buildings. 

rt  is  to  be  noted,  that  the  mischiefs  caused  by  lightning  are  not 
always  owing  to  its  direction  from  the  clouds  to  the  building^  or 
other  eminences,  and  thence  to  the  earth ;  but  sometimes,  on  tie 
contrary,  from  the  earth,  buildings,  and  other  eminences,  to  the 
clouds.  For  the  principle  on  which  its  direction  depends,  appears 
to  arise  from  the  restoration  of  a  certain  equilibrium,  in  a  rabCile 

•  See  fiuther  on  thU  saluecty  the  ardclet  in  Svctioo  ▼. 
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Ji>d  Hutic  fluid,  prrrianslf  diiturbcd  b^  various  CROsei.     Nov, 
according  to  Ihe  laws  of  elastic  fluids,  the  endratoiir  to  restore 
the  eqailiiirium  of  sach  »  fluid,  nill  he  in  that  direction  wlierc  Ul* 
rrsislance  lo  its  pa^Rge  hapijens  to  be  llie  least.     On  this  principle 
we  therefore  see  a  necesi-itf ,   eilher  to  open  a  passage  for  it  to  go 
freely  throDgh,  by  placing  certain  bars  of  metal  properly,  or  to 
stop  the  p>i93|te  of  (he  fluid  through  such  buildings  entirely.     The 
last  nwihod  would  be  dangerous  to  put  in  practice;  because,  if 
high  baiIdiD<s  were  so  secured,  the  ligbtning  would  then  ittadE  j 
the  loiter  buildings,   nhich  are  far  mure  numerous,   and  probabl/'j 
would  Heitroy  a  greater  number  of  people,  cattle,  &c.     Wherea^  'J 
if  (he  6rst  methud  is  preferred,   the  high   buildings  will  rhcn   (enA' I 
to  protect  the  lower  ones  more  elTectually  j  and  rnay  wiih  prOa-J 
priet>  be  considered  as  so  many  pipes  to  carry  off  the  llgblainf*! 
quietly,  either  from  the  earth  to  the  cloudi,  or  from  the  clouds  to-  J 
the  earth.     And  that  several  proper  conductors  are  necessary  ti 
carry  off  the  lightning,  more  readily  than  some  of  the  accideotil'  ] 
or  partial  condnctorK  in  a  large  Town  are  capable  of,  appears  fron   i 
this;  that  we  are  able  to  collect  small  quaniiiies  of  the  electric*.! 
fluid,   with   a  slender  apparatus  in  nur  hands  only;   whilst  it  bfjj 
cuposed  id  the  street,  garden,  or  other  open  place,  during  the' J 
butering  of  such  clouds  as  occasion  TJalent  lightning. 

Frum  repeated  observations  cif  this  kind,  there  U  ri'asoi 
believe,  that  the  quantity  of  lightnine  at  particnlar  times,  is  so  i 
great,  that  it  would  be  dangerous  (o  invite  it  lo  any  buildings,  anf  J 
that  unnecessarily,  in  the  most  powerful  manner  we  are  able;  by*! 
■utfrriog   the  several  conductors  to  end  in  a  point  at  the  lop. 
which  account  it  is  appr>  h-'uded,  that  pointed  bars,  or  rods,  of  , 
metal,  ought  always  to  be  avoided.     And  as  the  lightning  must' 
»isit  Dt  some  way  or  other,  from  necessity,   to  restore  the  equilU 
brinm,  there  can  lie  no  reason  to  invite  it  at  all ;   but,  on  the  coila* 
tmrj,  when  it  happi-ns  to  attack  our  buildings,  we  ought  only  si 
to  rontrire  our  apparatus,  as  to  be  able  to  carry  (he  lightning  away' J 
■gain  by  such  suitabli-  conductors,  proper'y  fined,  at  nill  v«rj^  | 
little,  if  at  all,   promote  any  increase  of  irs  quantity. 

To  attain  which  diBiral^le  end,  in  some  dei^rce  at  least,  it  i«  j 
proposed,  that  the  several  buildings  remain  as  they  are  at  the  lop; 
that  is,  without  having  any  melal  above  them,  either  pointed  or 
oot,  by  way  of  a  conductor.     On  the  inside  of  the  bigliesc  part  of 
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sucli  building,  and  within  a  foot  or  two  uf  the  top,  it  may  be  prou 
per  to  fix  a  rounded  bar  of  metal,  and  to  continue  it  down  along 
the  side  of  the  wall  to  any  kind  of  moisture  in  the  ground.  But 
if  the  building  happens  to  be  mounted  with  an  iron  spindle,  for 
supporting  a  tane,  or  other  ornament,  and  it  should  not  be  cooTe. 
nient  to  have  it  taken  away,  then  the  bar  of  metal  ought  to  coou 
municate  with  that  spindle.  And  as  to  the  diameter  of  suck  a 
metal  bar,  it  will  probably  depend  on  the  height  of  the  bailding; 
for  it  is  apprehended  the  great  church  of  St.  Paul's,  to  complete 
the  partial  conductors  (which  are  the  metallic  cross,  ball,  gallery, 
dome,  &c.)  and  secure  it  effectually,  woulj  require  a  bar  of  metal 
two  inches  diameter,  if  not  more ;  and  a  building  like  the  Britiih 
Museum,  one  considerably  less.  But  it  appears  there  is  no  occs. 
sion  for  any  at  that  repository,  as  it  is  already  prorided,  thoii|k 
from  accident,  like  many  other  buildings,  with  Tery  effectoal  eon. 
dactors.  The  copings  of  the  roof,  and  the  sereral  spouts,  wUdi 
are  continued  from  it  into  the  ground,  being  all  of  lead. 

That  conductors  ought  to  be  thicker  than  is  geDerallj  imagiMd, 
seems  to  appear  from  a  late  instance  taken  notice  of  in  St.  Bride's 
church,  by  Mr.  Dela?al,  and  Dr.  Watson,  where  an  iron  bar,  %\ 
inches  broad,  and  half  an  inch  thick,  or  more,  was  bent  aad 
broken  asunder  by  the  violence  of  the  lightning.  The  Eddystooe 
Lighthouse,  which  stands  on  a  rock,  surrounded  by  the  sea,  the 
work  of  Mr.  Smeaton,  was  thought  to  be  an  object  very  likely  to 
suffer  by  lightning ;  and  the  more  so,  as  the  top  of  it  consisted  of 
a  copper  ball,  two  feet  in  diameter,  with  a  chimney  of  the  sane 
metal,  passing  through  it  down  to  the  second  floor,  but  no  farther. 
Directions  were  therefore  given  to  make  a  communication  of  metsl 
from  the  lowest  part  of  the  copper  chimney  down  to  the  sea; 
which  was  executed  accordingly  about  the  year  1760,  or  sooa 
after  the  building  was  finished.  Now  if,  instead  of  the  copper 
ball,  a  pointed  bar  of  metal  had  been  put  in  its  place,  or  abofe  it, 
and  communicated  with  the  conducting  matter  below«  there  is  no 
saying  what  might  be  the  consequence  of  so  powerful  an  invitatioa, 
to  an  edifice  thus  particularly  situated. 

Since  the  former  part  of  this  paper  was  communicated  to  the 
R.  S.,  that  is^  on  tlio  6th  of  August,  1764,  I  receiyed  the  follow. 
iug  account  from  Captain  Dibden,  commander  of  a  merchant  shifi, 
who  says,  that  in  the  year  1750,  he  was  taken  by  the  French^  and 
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<.arrtetl  prisoner  lu  Fort  Rojnl,  in  Marliiiico.  Tliat  iii  rcmoTJag 
liim  thence  lome  time  aTier,  aud  on  fuol,  to  Si.  Pierre,  wliU-K  ii 
■boot  (wPRty  miles,  bis  conJuctots,  or  guard,  sti^ppfJ  at  a  small 
chapel,  fi>e  mil^s  fram  the  last  place,  to  shelter  IbemiFlTt'S  frun 
(hv  h«avj'  rain  which  fdl  during  a  Tioknt  Uiunder.starm.  That 
Ibe  chMpel  had  DO  steeple  or  lower  belonging  to  it,  but  jioud  on  ao 
rminence,  Kttli  three  ur  four  poor  low  houses  near  it.  That  loun 
after  ihtj  were  thus  she  I  It.' red,  a  Tiolent  Sash  of  lightaing  struck 
two  soldien  dead,  iriio  had  been  leaning  against  the  w.ill  of  the 
chapel,  between  two  bullres^es,  and  not  far  from  the  rest  uf  the 
cumpaoy,  being  all  on  the  lecnatd  sUe  of  Ihe  chapel.  That  it 
made  an  opening  in  the  wuil  abuut  four  feet  high,  and  abuul  three 
fert  broad,  and  in  that  pari  only  against  which  ihey  rested. 

Tbat  Captain  Uibdeii,  along  with  other  persons,  entered  at  this 
hole  hnmedialely  arter,  to  see  if  any  other  damage  had  bevn  done 
to  Ihe  chapel.  That  tluy  observed  a  square  bar  of  iron  near  the 
hole,  and  on  di«  ground,  about  four  feet  long,  and  1^  inches  lliick, 
making  an  angle  with  the  wall,  as  they  suppose,  to  support  the 
upper  paH  of  an  inclined  tombstone,  which  was  also  thrown  down 
■nd  broken  to  pieces.  That  this  bar  was  joined  in  the  middle  Id 
onr  end  of  another  bar,  about  one  fool  long,  and  one  inch  thick, 
wbleh  laid  horiEonlally,  and,  passing  to  the  wall,  had  been  Iherw 
fastened  with  lead.  That  the  lighlniiig,  in  rushing  along  llie  in. 
clined  bar,  had  waited  or  reduced  it>i  thiikness  in  some  placi'S  rery 
considerably,  insomurh  that  it  looked  like  a  burnt  poker  which 
had  been  long  used  ;  and  broke  the  bar  into  two  pieces,  about  an 
inch  abote  the  joining  of  the  lesser  bar,  (he  ends  of  which  had  a 
borat  Ilaky  appearance.  That  ihe  other  parts  of  the  bar  »ere 
changed  in  colour  to  a  grey,  or  whilish  hue,  resembling  iron  after 
it  has  been  eipostd  to  a  tiolent  heat  and  then  sutTered  to  cool. 
Th»t  the  horizontal  bar  had  also  undergone  an  extraordinary 
diuge  by  the  lightning,  but  particularly  at  thai  end  next  Ihe  wall 
of  the  chapel,  it  being  reduced  from  one  inch  in  diameti-r  tu  the 
nzeof  a  slender  wire,  but  tapering  towards  ihc  huII.  That  when 
the  wldiers  rested  againbt  the  wall,  their  heads  were  about  ihe 
sane  height  with  Ihe  shortest  bar  ;  and,  fiom  what  he  con  recol. 
lect,  were  very  near  being  opposite  to  that  end  which  was  interied 
id  the  wall.  That  the  two  soldiers  were  forced  from  the  wull  at 
tk«  HOW  iDMant  by  the  lightning  ;  lo  tbat  timr  feet,  which  were 
X  -1 
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one  jrard  or  more  from  it,  were  nearest  to  the  wall,  and  their 
beads  the  farthest  off.  That  their  flesh  appeared  rery  black*  That 
their  clothes  were  burnt  and  scorched  in  many  parts^  and  their 
belts  sbrirelled  up,  as  if  they  had  been  exposed  to  a  laq^  fire. 
That  Captain  Dibdeo,  and  other  people,  felt  a  disagreeable  kind 
of  an  electric  shock ,  at  the  same  instant  that  the  soldiers  wcfe 
killed. 

Captain  Dibden  gare  an  account  also,  that  he  was  lately  at  Vir* 
ginia,  1763 :  that  the  inhabitants  of  Norfolk  had  changed  their 
opinions  in  respect  to  fixing  of  wires  and  small  rods  of  iron  oo  the 
tops  of  their  houses ;  from  the  frequent  instances  they  have  lately 
had  of  their  being  melted,  or  destroyed,  by  the  Tiolenoe  of  the 
lightning :  and  that  now  they  adopted,  in  their  stead,  rodf  of  iraa 
from  half  an  inch  thick  to  three.fonrths  of  an  inch  thick,  or  BOie. 
That  those  rods  ended  in  a  point  at  the  top,  and  extended  from 
three  feet  above  thdr  houses  down  to  the  ground ;  and  thnt  naay 
houses  had  one  of  these  conducting  irons  at  each  end.  Tho  Cafit 
added,  that  though  the  pine  trees  are  considerably  higher  than  tht 
oaks  in  the  American  woods,  yet  the  oaks  are  the  ofteoest  attacked 
by  the  lightning :  and  that  he  does  not  remember  any  oaka  grow. 
ing  among  the  pine  trees,  when  the  latter  have  suffered  by  light, 
ning,  which  must  be  owing  to  the  greater  resistance  arising  liroB 
the  unctuous  nature  of  the  pine  trees. 

[PA|7.  Trans.  1764. 

SECTION  IV. 

Thundermitormi  remarkable  from  their  violence^  or  ihtpeem* 

liarity  of  their  effects. 


1.  Strange  effect  of  Thunder  and  Lightning  on  fVheai  and 

Rye  in  the  Granaries  of  Dantzic. 

By  M.  Christopher  Kirby. 

You  doubtless  know  how  much  this  city  is  famed  for  its  niioM* 
rous  and  con?enient  granaries,  it  being  the  repository  of  all  sorts 
of  grain  the  fruitful  kingdom  of  Poland  affords.  In  those  giana^ 
ries  are  laid  up  chiefly  wheat  and  rye,  in  parcels  of  twonity  to 
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thirty  and  nixtj  lists  io  one  chamber,  according  to  its  siKe,  and 
the  dryness  of  the  com ;  which  they  turn  over  three,  fonr,  five, 
six  times  a  week,  as  need  requires,  to  keep  it  sweet  and  fit  for 
shipping.  Now  it  happened,  that  about  the  latter  end  of  March 
and  April  last,  we  had  much  and  tiolcnt  thunder  and  lightning, 
which  had  this  unhappy  effect  on  all  the  parcels  of  wheat  and  rye 
of  the  last  year's  growth,  that,  though  over  night  they  were  dry, 
tweet,  and  fit  for  shippiog,  the  next  morning  they  had  lost  all 
these  good  qualities,  and  were  become  clammy  and  stinking,  and 
consequently  unfit  to  be  shipped  away  for  the  present ;  so  that  the 
owners  were  forced  to  cause  it  to  be  turned  orer  two  or  three 
times  a  day,  and  yet  it  required  six  weeks,  if  not  longer,  before 
it  was  recorered. 

This  Is  a  thing  which  often  happens  to  com  that  has  not  lain  io 
the  granary  a  whole  year,  or  not  sweat  thoroughly  in  the  straw 
before  it  be  thrashed  out.  An  accident  little  noted,  yet  in  my 
judgment  worth  the  enquiring  into;  for,  though  the  alterations 
caused  by  thunder  in  liquors,  be  taken  notice  of,  and  probable 
reasons  ^en  for  them,  jet  I  judge  this  somewhat  more  abstruse, 
and  therefore  more  worth  while  to  be  considered. 

IPhil.  Trans.  1673. 

t.  Extraordinary^  Thunder^Storm  near  Aberdeen. 

In  ft  letter  to  Dr.  George  Garden. 

TuiB  happened  July  34,  1605.  The  day  was  clear  and  plea. 
sant,  till  about  half  past  three,  afternoon,  when  some  rain  fell ; 
then  two  claps  of  thunder,  rather  moderate ;  then  fell  a  heavy 
shower  of  hail,  accompanied  with  a  third  clap  of  thunder,  very 
tremendous,  attended  with  great  damage  to  the  houses  and  people. 
In  a  school  were  the  master  and  fifteen  boys ;  the  building  was 
perforated  and  shattered  in  several  places,  illumined  as  with  a 
strong  and  sudden  fire,  attended  with  a  snfibcatlng  and  sulphu. 
reous  saell  and  dark  smoke.  The  persons  were  all  either  struck 
down,  or  badly  wounded  and  braised.  Four  were  killed  out« 
rigbty  the  rest  recovered  in  due  time.  In  the  parts  where  they 
were  ttrnck,  which  was  chiefly  about  the  shoulders,  the  flesh  was 
nndi  diiooloared,  and  the  clothes  there  cut  or  perforated,  to  ap* 
pcwanet  u  if  eaten  by  rats.  {Id.  1096. 
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3.  Thunder^ttorm  near  Halifax^  December  22,  1698  ;  Jatal  to  a 

young  man, 

B>  Ralph  Tbombj,  £m|.  F.H.S. 

Jeremiah SkeKoD,  of  Warlej,  near  Halifax,  Yorksliire,  obscrfing 
R  itorm  coming,  bastent'd  to  gather  in  sooie  of  the  corn  which  wai 
out  at  a  farm  of  his  father's  in  the  Cold  Edge,  about  a  quarter  oft 
mile  from  their  own  dwelling ;  while  at  this  work,  bringing  in  bur- 
den and  casting  it  opon  the  barn-floor,  the  tempest  began  as  he 
came  forth  again  ;  whereupon  he  stepped  aside  for  shelter  within 
the  barn  door,  and  while  there,  was^truck  with  a  dreadful  iash  of 
fire.  The  young  man  was  a  sad  spectacle,  being  beaten  down,  quite 
dead,  and  many  stones  about  him  ;  he  was  laid  upon  his  face,  wholly 
naked,  sa?e  a  small  part  of  his  shirt  about  his  neck,  and  a  piece  of 
R  stocking  on  one  foot,  and  so  much  of  a  coat -sleeve  as  covered  the 
wrist  of  one  arm  ;  his  shoes  driven  from  his  feet,  one  not  to  be 
found,  and  the  other  split ;  his  hat  not  to  be  found  after  search, 
and  the  rest  of  his  garments  torn  into  small  shreds,  and  cast  at 
considerable  distances,  one  piece  from  another ;  the  hair  of  Us  bead 
and  beard  singed,  as  if  with  a  candle,  and  a  little  hole  below  his 
left  eye,  which  was  probably  made  with  the  fall  upon  a  stone,  for 
there  was  a  great  breach  made  on  the  barn,  the  door  topSj  both  of 
stone,  broken,  and  the  wall  above  them  fallen,  with  the  slate  and 
water*table5. 

{Id. 

4.  Singular  effects  of  a  Storm  on  a  House  and  its  Furniture^ 

at  New  Forge,  Ireland. 

By  Samuel  Miilyticaux,  Esq.  S*  Phil.  Soc.  DobL 

Mrs.  Close  gave  Mr.  Molyneaux  the  following  account  of  the 
effects  of  thunder  and  lightning,  on  her  house  at  New  Forge,  in  the 
county  of  Down,  in  Ireland,  on  Aug.O,  170/  :  she  observed,  that 
the  whole  day  was  close,  hot,  and  sultry,  with  little  or  no  wind  stir- 
ring, till  towards  the  evening ;  that  there  was  a  small  breete  with 
some  mizzling  rain,  which  lasted  about  an  hour ;  that  as  the  air 
darkened  after  sun-set,  she  saw  several  faint  flashes  of  ligbtniif, 
and  heard  some  thunder  claps,  as  at  a  distance  ;  that  betwetn  tsR 
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and  eUTen  o'clock  both  were  very  Tioleat  and  terrible,  aod  so  in* 
creased,  and  came  on  more  frequentlj  until  a  little  before  twelve 
o'clock  ;  that  one  flash  of  lightning  and  clap  of  thunder  came  both 
at  the  same  time,  louder  and  more  dreadful  than  all  the  rest, 
which,  as  she  thought,  shook  and  inflamed  the  whole  house ;  and 
being  sensible  at  that  instant  of  a  violent  strong  sulphureous  smell 
ia  her  chamber,  and  feeling  a  thick  gross  dust  falling  on  her  hands 
aod  face  as  she  lay  in  bed,  she  concluded  that  part  of  her  house  was 
thrown  down  bj  the  thunder,  or  set  on  fire  by  the  lightning ;  that 
arising  in  this  fright,  she  called  up  her  family,  and  candles  being 
lighted,  she  found  her  bed.chamber,  and  the  kitchen  beneath  it,  full 
of  smoke  and  dust ;  and  the  looking-glass  in  her  chamber  was 
broken. 

The  next  day  she  found  that  part  of  the  cornish  of  the  chimney^ 
which  stood  without  that  gabel-end  of  the  house  where  her  cham« 
ber  was,  had  been  struck  off" ;  that  part  of  the  coping  of  the  splaj 
of  the  gabeUend  itself  was  broken  down,  and  twelve  or  sixteen  of 
the  shingles  on  the  adjoining  roof  were  raised  or  ruffled,  but  none 
tluttered  or  carried  away  ;  that  part  of  the  ceiling  in  her  chamber 
beneath  those  shingles  was  forced  down,  and  part  of  the  plaster  and 
pinning  stones  of  the  adjoining  wall,  was  also  broken  off  and 
loosened,  the  whole  breach  being  sixteen  or  twenty  inches  broad : 
that  at  this  place  there  was  left  on  the  wall  a  smutted  scar  or  trace, 
ma  if  blacked  by  the  smoke  of  a  candle,  which  pointed  downwards 
towards  another  place  on  the  same  wall,  where  a  like  breach  was 
made,  partly  behind  the  place  of  the  looking-glass ;  that  the  boards 
on  the  back  of  a  large  hair  trunk,  full  of  linen,  standing  beneath 
the  looking-glass,  were  forced  in,  and  splintered  as  if  by  the  blow 
of  a  smithes  sledge  ;  that  two.  thirds  of  the  linen  within  this  trunk 
were  pierced  or  cut  through,  the  cut  appearing  of  a  quadrangular 
figure,  and  between  two  or  three  inches  over ;  that  one  end  of  the 
trunk  was  forced  out,  as  the  back  was  driven  in ;  that  at  abont 
two  feet  dntance  from  the  end  of  the  trunk,  where  the  floor  and  the 
side-wall  of  the  house  joined,  there  was  a  small  breach  made  in  the 
plaster,  where  a  small  chink  or  crevice  was  to  be  seen  between 
the  side  board  of  the  floor  and  the  wall,  so  wide  that  a  man  could 
thrust  his  fingers  down  ;  and  that  just  beneath  this,  in  the  kitchen, 
the  ceiling  was  forced  down,  and  some  of  the  plaster  of  the  wall 
broken  off;  that  exactly  under  this  there  stood  a  large  tub  or  vessel 
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of  wood,  iodowd  with  a  crib  of  brick  and  liae,  wUch  was  broken 
and  spttnt4>red  all  to  pieces,  and  most  of  tbe  brick  and  fiine.woik 
aboot  it  scattered  aboat  the  kitchen. 

I  obserred  that  the  looking.glass  was  broken  with  sock  violence, 
that  there  was  not  a  piece  of  it  to  be  found  of  the  nao  of  a  half 
crown ;  that  several  pieces  of  it  were  sticking  like  haal-shot  in  the 
chanber  door,  which  was  oak,  and  on  the  other  side  of  the  rooa ; 
thnt  several  of  the  edges  and  comers  of  some  of  the  pieces  of  the 
broken  glass  were  tinged  of  a  light  flame  colovr,  as  if  heated  in  the 
fire  ;  that  the  curtains  of  the  bed  were  cat  in  sereral  piaees,  mpm 
posed  to  be  done  bj  the  pieces  of  tbe  glass ;  that  several  picees  of 
mnslin  and  wearing  linen,  left  on  the  large  hair  trunk,  were  throws 
aUiout  the  room,  no  way  singed  or  scorched  ;  and  yet  the  hair  oa 
the  back  of  the  trunk,  where  the  breach  was  made,  was  singed; 
that  the  uppermost  part  of  the  linen  nithin  the  tronk  was  not 
touched,  and  the  lowermost  parcel,  consisting  of  more  tlmn  350 
ply  of  linen,  was  pierced  ttirough,  of  which  none  was  anywise 
smutted,  except  the  uppermost  ply  of  a  tablecloth  that  lay  over  all 
the  rest;  that  there  was  a  yellow  tinge  or  stain,  perceivable  oa 
some  part  of  the  damaged  linen,  and  that  the  whtile  smelt  strongly 
of  sulphur;  that  the  glass  of  two  windows  in  the  bed-chamber 
above,  and  two  windows  in  the  kitchen  below,  was  so  shattered, 
that  there  was  scarcely  one  whole  pane  left  in  any  of  them ;  that 
the  pewter,  brass,  and  iioo  furniture  in  the  kitch*  n  w«'re  thrown 
down,  and  scattered  about,  particularly  a  lar^e  girdle  about  twenty 
pounds  weight,  that  hung  upon  an  iron  hook  near  the  ceiling,  was 
found  lying  on  the  floor ;  that  a  rat  nas  found  dead  next  morning 
in  the  kitchen,  with  its  legs  extended  as  in  a  moving  posture,  with 
no  other  sign  of  being  hurt,  than  that  the  fur  was  singed  a  little 
about  the  rump. 

It  was  further  remarkable,  that  the  wall,  both  above  and  befew 
a  little  window  in  the  same  gabel-end,  was  so  shattered,  that  the 
light  could  be  seen  through  the  crevices  in  tbe  wall ;  and  that  upon 
a  large  stone  on  the  outside  of  the  wall,  beneath  this  window,  was 
a  mark,  as  if  made  by  the  stroke  of  a  smith's  sledge,  and  a  splinter 
of  the  stone  was  broken  off,  of  some  pounds  weight.  I  was  further 
informed,  that  from  the  time  of  that  great  thunder-clap,  both  the 
thunder  and  lightning  diminished  gradually,  so  that  in  an  boor's 
time  all  was  still  and  quiet  again.  [M.  1708. 
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5*  Storm  at  Samfor<LCourtne^  in  Devon^hire^  Oct.  7,   1711^ 
producing  great  damage  to  the  Church* 

By  John  Chanbprla^nr,  Esq.  F.R.S. 

In  tlie  psrish  of  Sam  ford.  Coo  rtney^  near  Oakhampton  in  Deron, 
OR  the  7Ui  of  October,  about  three  or  four  o*clock  in  the  afternoon, 
there  was  a  great  darkness  as  the  minister  was  catechising  the 
children,  so  tiiat  he  could  hardly  see  with  spectacles :  sereral 
people  being  in  the  church  porch,  of  a  sodden  a  great  fire-ball  fell 
in  among  them,  and  threw  them  some  one  way,  some  another ;  bnt 
BO  one  was  hurt.  The  ringers  in  the  belfrey  said,  they  neter  knew 
the  belli  go  so  heavy,  and  were  obliged  to  leare  off:  and  being 
Tery  weary,  and  looking  out  of  the  belfrey  into  the  church,  they 
saw  four  fire-balls  a  little  larger  than  a  man's  fist,  which  of  a  sud« 
den  broke  to  pieces  ;  so  that  the  church  was  full  of  fire  and  smoke. 
One  man  received  a  blow  in  the  neck,  which  caused  him  to  bleed 
both  at  nose  and  mouth.  He  says,  that  the  fire  and  smoke  went 
np  into  the  tower,  and  broke  a  large  beam  on  which  one  of  the 
bells  hung,  and  the  gudgeon  breaking,  the  bell  fell  on  the  floor.  It 
likewise  carried  away  one  of  the  pinnacles  of  the  tower  next  the 
town,  and  threw  some  of  the  stones  near  a  bam  door  at  a  pretty 
distance  from  the  church,  and  has  done  some  damage  to  the  ban 
at  one  end.  The  chimney  of  the  house  was  removed  in  such  a  man^ 
ner,  by  the  thunder  and  lightning,  that  the  people  were  surprised 
that  it  continued  to  stand. 

lid.  1712. 

0.  Effects  of  Lightning  in  Northamptomhire, 

By  the  ReT.  Jos.  Wasse. 

We  are  told  by  Mr.  Jessop,  in  a  former  number  of  the  Trans* 
actions,  that  what  the  common  people  call  hiry  circles,  are  occa» 
sionod  by  lightning ;  but  I  think  it  has  not  yet  been  observed,  that 
dMj  continue  visible  fifty  years,  and  that  na  composition  of  use  in 
fire-works  will  produce  near  so  la&tiog  an  effect  as  I  have  expo* 
rionccd.  There  seems  to  be  something  here,  which  sulphur  and 
aitn  will  hardly  account  for.  Does  it  depend  on  the  great  quan* 
tity  of  the  matter  discharged,  or  the  f  iolence  with  which  it  is  inw 
pdlod  ?  TJw  grouad  is  nowise  torn  up,  and  thegrass  is  only  a  littlo 
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bitsted ;  whence  it  wonld  teem  i(e  force  is  nenrly  spent :  whereti, 
when  the  burst  is  near  us,  the  effect  is  lilLe  that  of  a  petird,  at  ap. 
pears  from  the  following  instance. 

At  Mixbary,  on  Jnly  3,  one  William  Hall,  about  sixty  years  of 
Mg&j  was  found  dead  in  a  har^  gra?elly  field,  with  fi?e  slitepy  whidi 
lay  round  him  at  about  thirty  yards  distance  ;  of  which  that  only 
which  lay  nearest  him  had  a  risible  wound  through  the  head.  The 
shepherd  lay  partly  on  his  side ;  the  upper  part  of  his  head  was  ter« 
ribly  fractured ,  and  his  right  knee  was  out  of  joint ;  he  had  a 
wound  in  the  sole  of  his  foot,  towards  the  heel ;  his  right  ear  wn 
cut  off,  and  beaten  into  his  skull,  and  blood  flowed  ont  of  Chat  pait 
upon  the  ground.  All  his  clothes  and  shirt  were  torn  into  ssmII 
pieces,  and  hung  about  bin;  but  from  the  girdle  downwards 
they  were  carried  away  entirely,  and  scattered  up  and  down  the 
field,  particularly  the  soles  of  a  pair  of  new  strong  shoes  were  rent 
off.  His  hat  was  torn  to  pieces,  a  hand.breadth  of  it  was  full  of 
irregular  slits,  and  in  some  few  places  cut  as  if  with  a  ^erj  sharp 
penknife,  and  a  little  singed  in  the  upper  part.  His  beard  and  the 
hair  of  his  head  were  mostly  close  burnt  off.  The  iron  buckle  of 
his  belt  was  thrown  forty  yards  off,  and  a  knife  in  the  right  side 
pocket  of  his  breeches  was  broken  in  pieces,  not  melted,  and  the 
handle  split.  Near  his  feet  were  two  round  holes,  about  •  yard 
deep,  and  fife  inches  diameter,  like  the  perforation  of  a  aMWtar 
•hell  fired  perpendicularly  upwards,  when  it  falls  down  a§un. 
About  the  time  this  accident  happened,  a  tradesman  of  tlie  town 
obserfed  a  sort  of  fire.ball,  as  large  as  a  man's  head,  to  burst  in  ibor 
pieces  near  the  church.  Two  persons  at  Aynho  were  a  little  hart 
at  the  same  time,  and  one  them  struck  down  to  the  gronnd,  who 
says,  he  thought  he  was  knocked  down  with  a  beetle.  Mr.  Wasie 
himself  heard  the  hiss  of  a  ball  of  fire,  almost  as  large  as  the 
Booo,  which  flew  over  his  garden  from  S.£.  to  N.W. 

Both  the  aboTementioned  boles  were  almost  perpendicalar  fer 
kalf  a  yard,  and  after  that  grew  narrower:  in  both  of  them,  the 
iMtter  divided  into  two  parts,  and  formed  horixontal  cavUiee  abent 
three  Inches  diameter.  In  one  was  found  a  Tery  hard  glased  stosN, 
•f  about  ten  inches  long,  six  wide,  and  four  in  thickness,  craofccd 
io  two ;  others  it  could  not  pierce,  but  was  turned  here  and  thtn 
•nt  of  its  course,  but  left  not  the  least  bUckoess,  or  otiier  dispo. 
leering  any  where.    As  to  the  knife,  it  was  net  the  Uade  bat  the 
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handle  and  the  hinge  which  were  thifered  io  pieces.     Near  the 
woended  sheep,  the  ground  was  torn  up  near  two  jards  round. 

One  James  Marshal  of  the  same  town  said,  that  in  the  middle  of 
the  same  storm  he  rec«ifed*  a  blow  on  his  hat,  which  rattled  like 
shot  through  the  branches  of  a  tree ;  it  beat  io  the  crown  a  little, 
without  penetrating  it :  he  staggered,  and  was  giddy  for  two  days 
aflerwards.  Two  of  his  sons  were  at  the  same  instant  both  struck 
down  to  the  ground,  and  stunned  a  little,  but  presently  came  to 
themselTes,  and  had  no  wound.  Query,  whether  this  may  not  be 
accounted  for,  by  supposing  the  flame  to  rarefy  the  air,  and  make 
a  sort  of  racuum  about  one,  into  which  when  It  returns  again,  it 
gives  the  likeness  of  a  stroke  with  a  beetle,  as  he  expressed  it.  Per. 
haps  a  wind^un,  with  compressed  air,  would  have  the  same  eflect, 
and  might  easily  be  tried  on  a  dog,  or  such  like  animal. 

[id.  1725. 

7.  Oreat  Mischief  to  a  Household  in  Carmarthenshire. 

By  Mr.  Enin  Davies. 

December  0,  1720,  in  the  afternoon,  there  happened  terrible 
tbonder  and  lightning,  which  alarmed  the  whole  neighbourhood : 
nod  alNNit  four  o'clock,  as  a  woman  was  carrying  a  pail  of  water 
kitD  the  house,  there  broke  such  a  violent  clap  of  thunder,  that  she 
and  three  of  her  children  were  very  surprisingly  struck,  and  in. 
ataatiy  deprived  of  their  senses,  so  that  they  lay  miserable  monu- 
■MoCs  of  the  terrible  shock ;  and  it  seems  they  lay  weltering  in 
their  blood,  before  they  recovered  and  were  able  to  creep  to  the 
bed,  till  the  next  neighbour  happened  to  come  in  (the  husband 
being  tlien  abroad  at  his  day-labour)  to  assist  them.  The  lightning 
it  seems  struck  at  the  east  end,  near  the  foundation,  into  the 
hearth,  and  split  in  two  a  thick  stone  of  about  half  a  yard  in 
bftnddi  beyond  the  fire»  and  shattered  one  half  into  small  splinters^ 
widdi  diot  into  the  flesh,  and  did  the  most  hurt.  About  twenty. 
torn  Mr  man  of  those  stones  were,  from  tfane  to  thne,  taken  out  of 
their  wonnds.  It  appears,  that  afterwards  it  forced  its  way  out 
throng  the  wall  on  the  south  side,  within  the  compass  of  the 
hearth,  where  it  made  a  terrible  breach  from  top  to  bottom,  and 
wueed  the  stones  from  the  foundations,  making  a  deep  hole  per. 
pmsdicnlar  in  the  earth,  that  one  might  thrust  in  a  staflT  to  tha  lop. 
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The  partitions  ia  the  house  were  moTed  ont  of  their  place ;  and  t 
chest  full  of  com  forced  down  towards  the  door,  some  yards  fnm 
the  place  where  it  stood.  The  backet  the  woman  had  in  her  hand, 
and  other  wooden  vessels  in  the  house,  were  all  or  most  of  them 
shattered  ;  diiihes  and  spoons,  &c.  blown  off,  and  after  some  dajs, 
found  and  gathered  in  the  garden,  on  the  north  side  of  the  house, 
split  and  broken  ;  and  many  more  disorders  were  committed. 

The  woman  has  quite  lost  her  left  eye.    She  was  speechless  for 

a  week  or  nine  days,  and  could  not  swallow.     She  has  lately  had 

a  few  stones  come  out  from  the  roof  of  the  mouth,  under  the 

tongue,  and  other  parts  inwardly  :  the  tip  of  her  tongue  was  taken 

off,  by  which  she  is  still  lisping ;  three  of  the  fore  teeth  of  the 

under  jaw  broken,  with  the  lower  lip  slit,  but  now  pretty  well 

healed ;  two  of  the  right-hand  fingers  quite  off,  and  the  colour  of 

that  hand  still  like  a  flame  of  fire,  as  if  there  were  yet  remaining 

some  igneous  particles  in  it.  She  has  a  terrible  guh  on  that  shonlder 

between  the  joints,  that  an  egg  might  be  contained  in  it,  besides 

three  or  more  bruises  on  the  arm  down  to  the  wrist,  that  she  is  not 

able  to  lift  it  up,  without  the  help  of  the  other  hand  ;  besides  sere* 

ral  other  wounds  and  bruises,  over  great  part  of  her  body*    A  boy 

had  his  hair  all  singed,  his  face  and  breast  all  scorched  with  blisters 

like  bladders  running  from  the  raw  flesh,  with  several  stones  taken 

out  from  his  body  and  legs;  and  two  other  small  children  suffered 

greatly ;  so  that  the  wounds  are  reckoned  to  be  thirty  at  least 

between  the  mother  and  children,   and  many  splinters  of  bones 

taken  out  of  them.    Only  one  girl,  about  ten  years  old,  that  stood 

at  a  distance  next  the  door,  escaped,  havin^^  her  clothes  only 

singed,  but  no  hurt  done  her.    They  smelled  so  strongly  of  the 

sulphur  for  some  days,  that  one  could  hardly  go  near  them.  They 

are  now,  however,  freed  from  any  grievous  pain  to  complain  of; 

so  that  they  go  about. 

[Id.  1730. 

8*  Melancholy  and  fatal  Effects  of  a  Storm  near  Ludgxmn^  in 

Cornwall* 

By  tiie  Rev.  W.  Borlase,  F.R.S.  datcil  Feb.  1,  1753. 

This  storm  was  on  December  20  preceding.    The  first  traces  in 
tte  parish  of  Maddern,  were  an  incision,  or  scratch,  made  ia  tto 
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tGi[,  about  (lirec  incbes  wide,  am]  Iwa  ilaep,  where  the  lightning 
ruming  up  from  ihe  loutfa-west,  passing  through  the  bank,  rdJ 
■Mulng  od(  from  Ihe  bank  id  tbrepgtreamii,  nhich  aaitai  8|;3iri,  and 
turned  away  lo  the  north,  Abuut  Ion  pacta  to  the  north  uf  thiM; 
brfai:lii-i,  ther«  ure  mure  murks  o(  the  same  hind,  hut  not  iti  the 
lame  direction;  tor  (he  lightriing  hero  came  from  the  iiorlh.wrSt, 
and,  ptuiDf!  upward;,  the  furrow,  which  it  had  mad«,  grr>w  wider, 
and  sooMwhat  deeper,  as  it  gained  on  tl)e  hill,  especially  where  it  met 
with  bank  or  stone  ;  and  Bome  bankti  were  five  feet  wide,  whtt.-h 
had  lb»r  ti)i)a  untouched,  but  were  pierced  through  as  with  a  bullet. 
This  lecond  Turrow  was  (as  all  the  re&t)  not  ia  a  straight  liu'i,  bat 
in  a  Tcrmicalar  direction,  and  with  its  turnings  kd  tu  a  karn,  or 
ledge  of  tlat  rocks,  striking  olf  many  splinters  from  it,  and  in  sume 
place*  making  a  perforation  through  it.  There  were  made  also 
fnrrow!!  ten  inches  wide,  and  a  foot  deep ;  besides  »  hich,  were  »e. 
Tcral  places  in  the  hill  which  had  holes  about  a  foot  nide,  and  six  or 
eight  inches  deep,  aud  several  cloils  cut  thin  anil  clear  olf  fuiui  the 
ground:  which  shuws,  thatas  this  lii^htning  went  like  darts  through 
banks  and  stones,  and  tore  up  the  L;round  in  many  places  like  a 
ploughsliarr,  m  in  other  places  it  spread  into  a  horizontal  thin  edge, 
which  scooped  up  and  carried  otf  Ihi'  little  unerenness  of  Ihe  turfy 
tfroBiKJ,  The  wliole  workings  of  this  lightning  wvie  in  length 
•boot  a  furlong  from  west  lo  east. 

The  flrtt  thunder.clap  was  succeeded,  in  less  tban  a  quarter  of 
an  boVT,  by  another,  which  broke  at  a  Tillage,  in  Ihe  parish  of 
Gullral,  called  Try  thai,  about  a  mile  and  a  half  to  the  south-west 
of  Moelfra  hill,  and  was  attended  with  the  following  melancholy 
accident!: 

Tfaontas  Olivey,  a  retpectable  farmer,  had  returned  from  the 
field,  About  a  quarter  befure  twelve  o'clock,  and  had  all  hb  family 
round  bim  in  the  kitchen,  except  his  daughter,  who  was  in  the  hall. 
There  was  a  pun  orer  the  lire  in  the  kitchen -chimney,  full  of  boil- 
ing water.  The  farmer  was  fitting  by  the  fire,  and  his  wife  on  a 
bench  before  it;  their  only  son,  twenty.three  years  of  age,  was 
standivg  at  the  window,  when  it  lighlned  much,  ami  the  first  cisp 
of  thunder  followed.  This  was  so  violent  that  the  back  door  of 
lite  kitchen,  which  opened  to  Ihe  north,  quivered.  Ihe  farmer 
called  to  his  son,  and  desired  him  not  tu  stand  to  mar  the  wiuduw, 
l«it  the  lightning  ihould  hurt  his  eye» ;  dq  which  the  young  uiao 
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rcmored  from  the  Window,  backwards,  iato  tlw  corner  of  the  i^oa, 
and  sat  dovi  n.     The  lightning  came  from  the  west.north.weat,  and 
falling  on  the  stack  of  the  kitchen-chimney,  which  was  aboot  Ibar 
feet  square,  and  as  much  in  height,  of  hewed  stone,  carried  it  dear 
oflTfrom  the  house>  and  threw  it  into  a  pool  of  water  twentj  feet 
distant.     In  the  chamber  OTer  the  kitchen,  directly  beneath  thi 
top  of  the  chimney,  there  was  a  little  closet  boarded  in  ;  all  the 
boards  were  broken  to  pieces,  the  timbers  of  the  roof  shattered ;  at 
also  the  bedstead  in  that  chamber ;  of  the  chamber- partition  two 
planks  were  forced,  a  large  cloaths.press  thrown,  sod  the  aoath 
windows  of  the  chamber,  floor  (excepting  one  casement)  all  broken, 
and  blown  out.    From  the  top  of  the  chimney,  and  chaaaber-floor, 
it  descended  into  the  kitchen  below,  where  the  family  waa :  tha 
fkrmer  saw  no  lightning,  nor  heard  any  thunder,  after  the  fint 
clap  before  mentioned ;  bvt  was  struck  senseless  with  the  int 
iasb,  and  thrown  into  the  middle  of  the  kitchen,  and  cootioatd 
senseless  for  a  quarter  of  an  hour.     As  soon  as  he  came  to  himself 
he  asked,  who  struck  him  ?  but  had  not  the  use  of  bit  arma ;  and 
felt  an  aching  pain,  shooting,  as  he  described  it,  into  hia  boaea ; 
and  a  brand.iron,  which  hong  in  the  chimney,  being  throwa 
into  the  pan  of  water,  on  the  fire,  had  dashed  the  boiling 
upon  him  to  that  degree,  that  his  life  was  in  extreme  danger  fsr 
more  than  a  fortnight  after.     Mrs.  Olirey  was  struck  down  baiNt 
the  hearth.     Both  her  shoes,  though  buckled  on  aa  usval^  ware 
struck  off  her  feet,  but  her  feet  not  hurt  5  and  being  neither  bnml 
nor  senseless,  was  able  to  cry  out  for  help,  but  conld  not  move ;  lor 
she  had  no  use  of  her  under,  limbs  for  a  day  and  a  half. 

The  farmer's  brother  was  at  the  end  of  a  long  table  in  tbe  iaaM 
room,  and  was  only  flung  against  the  wall,  about  three  feet  diatant^ 
not  hurt.  Mrs^Olirey^s  sister  was  near  the  back  door;  a  plank 
of  this  door  was  started,  and  beat  In :  she  was  atrmck  aenseleaa,  and 
thrown  twelre  feet  oflF  against  the  settle,  which  stood  against  tta 
south  wall  of  the  hoase. 

The  farmer's  son  had  his  coat  and  wabtooats  (for  ht  had  two 
on)  torn  into  shreds,  so  that  it  could  hatdly  bedlstingnisliedwiwfo 
the  pieces  had  formerly  joined ;  his  shirt  had  a  rent  two  feet  lesif 
down  the  back,  and  was  scorched ;  his  left  shoe  torn  from  Us  feo^ 
and  the  little  toe  of  that  foot  so  nearly  cut  oflf,  that  it  hong  only  bf 
a  bK  of  skin;  and  he  was  quite  dead*-    Bat  tbpngh  reduced  tn  Alt 
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latMOliMe  condition,  at  to  his  esti-rior,  }i«  nas  nat  moi^d  Trom  his 
•Ml,  nor  liii  fKc«  at  all  changed :  hii  dug  wag  lylug  at  hi)  feet,  dead 
liketiiw,  but  ncTcr  niufeil. 

Thtr  tarmtt't  dau|httr  rPcciTetl  (lie  sfaork  in  the  hall ;  woi  itrttck 
scntclcKS,  bot  TevW^d  loun  ;  fell  a  Iremblinij  all  OTer;  her  feet 
ftckllng,  and  portly  Ixinumbed  aird  alifT,  as  if  sleeping;  but  per- 
ceiving in  the  room  a  ctoiid  of  smoke,  and  hearing  her  mother  1:17, 
die  niBd«  haste  into  the  kitchen,  which  ihe  found  full  of  iiinak(< 
•tinkiiig  tike  brimstone.  The  liglitnini;  had  left  a  mark  quite  arrost 
Ihe  etavel  of  the  kitchen-ctiimuey,  abi>iit  half  an  inch  wide,  iji  an 
undnlating  diiectiun,  broke  through  the  partitions  of  the  under 
floor,  thrown  down  ihe  sheUeB,  carried  out  all  (he  soath  winduwi, 
forced  up  (be  tlair-case,  blown  out  the  north  window,  missed  or 
spared  a  clock,  which  stood  close  by  the  window;  and  being- 
somewhat  ipent,  when  it  reached  the  hall,  carried  out  thf  wimtows; 
mofcd  not  tome  Delft  b;tsins,  which  were  in  the  south  window, 
but  forced  tke  door  of  a  beaafet,  at  the  end  of  the  hall,  an  Inch 
*nd  a  half  inwards ;  and  shook  the  eastern  wall  of  the  house  to  (he 
wtrj  foDndBtion. 

The  doads  oter  Moelfra  hill,  and  the  tillage  of  Trjthall  (.1  space 
Af  a  mile  and  a  half)  were  io  heavily  charged  with  lightning,  that 
here  they  broke,  both  the  first  and  the  si-cond  time,  and  (he  thun. 
dcr-claps  were  witliin  a  few  minutes  of  each  other,  as  being  pro. 
duced  bat  by  (wo  portions  of  one  and  the  same  congeries. 

The  general  tendency  of  this  lightning  was  as  the  direction  of 
the  wind  nt  that  time;  that  is,  from  ihe  north-west  to  the  east, 
bat  where  the  principal  eiplosioos  were,  as  at  the  hill,  and  the 
fcouse,  many  hranchei  spread  off  in  ail  directions.  Nor  were  Ihe 
thapes,  in  which  it  operated,  less  different  than  its  motions.  Some, 
times,  aa  ft  appeared  to  Mr.  B.  at  Ludgvan,  it  was  pointed  as  a 
dart,  in  some  places  edged  as  a  icythe,  now  but  one  thin  sheet  or 
itream,  then  two  or  three,  and  then  one  again.  Now  it  felt  as  se- 
»e»al  separate  balls  of  (ire,  bnt  on  the  house  as  a  large  gush  or 
torrent.  It  was  all  fire,  yet  of  different  powen,  according  to  Ihe 
impregnation  of  its  several  portions.  Subtit  aud  penetrating  as  tho 
e?«clrie«l  fire,  it  affecteti,  shocked,  aud  permeated,  all  ihe  hnmiii 
frame.  SomeparUof  it  only  scorched  wood,  but  did  not  meliiron, 
as  with  lightning  is  *ery  common  :  some  tore  the  leather  and 
dotfces;  torn*  cwtnand  wonnded,  and  some  killed  wiihoul  wousd 
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or  rent;  and  other  parts  of  this  lightning  again,  apon  stone,  wood, 
leather,  clothes,  and  flesh,  only  rushed  and  forced  with  the  power 
of  air  put  into  a  Tiolent  agitation.  All  this  happened  in  this  plaae, 
and  all  in  an  instant:  and  though  the  clothes  were  aomewhat 
singed,  as  well  as-  torn,  and  the  young  man's  skin  round  hia  waist 
was  also  scorched,  yet,  from  the  general  effects  of  this  lightning  iu 
both  places,  it  was  rather  swift,  and  irresistibly  piercing,  than  in* 
iaramatory.    The  house  stands  very  high,  without  tree  or  hfll 

near  it. 

[/A  1753. 

0.  ^g^etti  of  Lightning  on  the  Steeple  and  Church  of  LM- 

withielf  CorntoalL  • 

By  Mr.  Jobo  Smeaton,  F.R.S. 

January  35,  1757,  about  fire  o'clock  in  the  erealBg,  reluniiog 
home  from  the  Eddystoae  works  near  Plymouth,.  Mr.S.  obaerred 
four  flashes  of  lightning,  within  the  space  of  six  or  seYen  nunutesi 
towards  the  west :  but  heard  no  noise  of  thunder,  distance  aheil 
thirty  miles.  A  few  days  after,  he  was  informed,  that  the. same 
craning  the  lightning  had  shattered  the  church  of  Lestwhhiel  in  a 
▼ery  surprising  uMuner.  At  the  time  before-mentioned,  tbeinha* 
bitants  were  alarmed  by  a  riolent  flash  of  lightning,  accompanied 
with  thunder  so  sudden,  loud,  atid  dreadful,  that  every  one  thought 
the  house  he  was  in  was  falling  upon  him,  almost  erery  one  being 
within  doors^  on  account  of  a  violent  shower  of  rain  which  pre- 
ceded the  lightning  :  so  that  nobody  knew  any  thing  of  the  flsis* 
chief  done  to  the  church,  till  it  was  obserred  accidentally  after  the 
shower. 

The  steeple  is  carried  up,  plain  and  square,  to  about  forty-nine 
feet,  with  a  kind  of  slate-stone  rough-cast  on  the  outside,  oo  which 
iii  formed  a  very  elegant  octagon  Gothic  lantern,  about  nine  feet 
high,  and  on  it  a  stone  spire  about  fifty-two  feet  high,  with  a  spiodle 
and  fane  rising  about  three  feet  above  the  stone :  so  that  the  whole 
together  was  about  113  feet  Each  face  of  the  lantem  finiite 
above  with  a  sort  of  Gothic  pediment,  with  a  little  pinnacle  oo  ea^, 
separated  from  fhli  body  of  the  spire. 

The  vane  was  much  bruised,  which  might  be  occasioned  by  the 
W ;  but  the  socket  was  rent  open,  as  if  it  had  been  bnnt  by  |M« 
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^Mdrr;  and  in  such  a  manner  es  coulJ  not  well  be  occasioned  by 
•tht  (M,  Under  the  spindle  thai  carrkd  the  Tane,  was  a  bar  of 
mudi  (he  »me  size  and  leiiglh,  that  passed  through  the  centre  of 
serrral  of  the  tip|icTinost  stonej  successively,  to  unite  Ihem  the  more 
firmly  (ngclher,  and  was  run  in  wi(h  lead  :  all  whii-h  lurrounding 
sioiies  vrtr  broken  ofT,  eicejit  one,  which,  together  with  the  bar, 
f.ll  d«wn  within  the  loner. 

The  shell  of  ihe  spire  as  far  down  as  thirty-GT«  leet  from  (he  (op, 
«■(  no  mure  than  seven  iiirhes  thick,  and  th«  courses  about  I hp 
same  height:  so  that  scarcely  any  one  stone  in  the  spire  couM 
wHgh  more  than  thirly  or  forly  pounds ;  but  they  were  joined  to. 
gFth«r  at  the  ends  with  mortuiie  and  tenon  Ida  curious  manner. 
Abo**twen(y  feet  of  the  upper  part  was  entirely  thrown  down, 
and  ditpersed  in  all  direcliond  ;  and  some  pieces  were  found  ai  the 
distance  of  iOO  yards,  A  great  many  stones  fdl  en  (he  roof  of  (he 
church,  breaking  the  pews,  and  whstwei  they  fell  opon.  Sis  feet 
«tiU  lower  the  spire  was  separated,  the  western  half  being  thrown 
ilown;  tha  eastern  half  was  left  standing,  but  disjointed,  and  In  so 
critical  a  posture,  that  it  seemed  ready  (o  fall  every  moment :  so 
that  this  was  ordered  to  be  taken  down  immediately,  and  likewise 
to  six  feet  below,  the  work  being  found  remarkably  shattered.  The 
whole  of  th«  spire  he  found  moch  cracked  and  damaged,  but  the 
remainder  of  the  seven  inch  shell  so  greatly,  thut  there  seemed 
scarcely  a  whole  joint. 

The  pediments  over  etery  face  of  the  lantern  were  damaged  more 
or  less  ;  but  the  whole  ashlering  of  that  to  llie  N.W.  was  torn  off 
from  (he  inner  wall,  to  which  it  was  connected.  Several  of  (he  pe. 
dimen(s  were  damaged,  and  even  stontt  struck  out,  where  ihe  little 
phmacles  above  them  were  left  standing. 

AI)oiit  the  lop  of  the  lantern  Is  a  bell  for  the  clock  to  strike  un  : 
It  it  hung  on  a  Eross<bar,  with  gudgeons  at  earb  end  ;  the  whole 
bring  suspended  to  a  beam  laid  across  the  tower.  The  cross-bar 
«u  M>  bent,  that  the  clock-hammer  would  not  (ouch  the  bell  by 
above  (wo  Inches.  This  could  not  be  done  by  (he  falling  of  stones, 
becftuM  (he  beam  would  defend  the  bell  from  receiving  any  stroke 
in  the  direction  (o  which  ihe  cross-bar  was  bent.  As  to  the  wire 
thai  dr«w  the  hammer,  not  one  bit  of  it  could  be  foand. 

The  bells,  four  in  number,  for  ringing,  hung  in  the  square  part 
a(l)M  tomr  bolow  the  lantern,  two  above  and  two  bel«w  :  Uw 
V3 
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wheels  of  eveiy  one  were  broken  to  pieces,  and  one.  9f  the  1109 
ptraps  by  which  they  were  fiutened  to  the  yoke,  unhooked.  Wh^ 
ther  these  accidents  were  occasioiled  by  the  lightning  or  the  falliig 
stones,  he  leaTes  andetermined.  In  the  floor  nnder  the  bellt  was 
placed  the  clock,  cased  ap  with  slight  boards.  The  Torge  that  car^ 
ries  the  pallets  was  bent  downwards,  at  if  a  ten  pound  weight  had 
failed  ten  feet  high  right  upon  it.  The  crutch  that  lays  hold  of  the 
peaiduluai,  looked  as  if  it  had  been  cut  off  by  a  blunt  tool,  and 
heated  by  the  blow,  till  it  was  coloured  blue  at  the  place  where  it 
was  cut.  It  turned  at  a  right  angle,  and  might  be  about  ^  of  aa 
inch  broad  by  ^v  thick.  As  to  the  pendalau  which- hung  prettjr 
near  the  wall,  the  upper  part  of  the  rod  was  struck  with  such  Tio» 
lence  against  the  wall,  (hat  a  sharp  impression  of  it  was  aiade  in 
the  plaster :  and  near  (he  upper  part  of  the  impres&ion  appeared  a 
circular  shady  ring,  of  a  blackish  colour,  something  like  as  if  a  pit. 
tol  had  been  discharged  of  powder,  and  the  muzile  Iwld  near  tho 
wall.  In  this  story  seTeral  slones  were  forced  out  of  tlie  wall.  The 
walls  of  the  belfry  or  tower  were  much  damaged ;  several  stones 
drlTen  out,  and  perforations  made  in  the  solid  wall,  particularly 
€Mie  of  fourteen  inches  square  and  six  inches  deep,  so  truly  square 
and  regular,  as  if  cut  out  by  art.  All  the  windows  in  tiia  drarch 
either  broken  out^  or  bagged  outward. 

[fd  1757. 

10.  Effects  of  Lightning  on  St.  Bride's  Churchy  Fleet  Streei^^ 

June  18,  1764. 

B>  Edward  D«kTal,  Esq.  F.R.S. 

The  construction  of  this  spire  is  somewhat  similar  iatliatof  an 
apparatus  purposely  contrived  to  draw  the  lightning  from  the 
clouds,  as  it  runs  up  towards  a  point,  and  ends  in  a  metal  vane  and 
cross^  the  figure  of  which,  as  well  aa  the  materials  they  oonsiti  of^ 
seem  calculated  to  admit  the  lightiiiog  with  the  least  resbtanoe. 
The  first  marks  of  it  are  seen  at  the  top  of  the  copper  cross,  which 
is  the  highest  part  of  the  building,  the  gilding  is  by  the  explosion 
partly  torn  off  and  partly  discoloured,  so  aa  to  dibr  remarkab^. 

•  Th€  next  article  in  the  tame  ▼olame  contains  an  account  of  serions  mischief 
MMtalned  by  ▼ariooi  booses  in  Essex  8(reet>  Strand  from  (he  same  Btorm. 

EiPiToa* 
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from  fh«  rMt  ttt  Ok  ctok  where  the  ^itding  is  vet^  well  preierved. 
Saw  xmall  pieces  of  solder  are  melted  ;  and  all  this  part  appeari 
••  ifit  had  been  exposed  lo  the  lire.  The  lightuiog  seems  In  baTe 
*uterrd  her*,  and  to  ha»y  been  conducted  iheoce  by  an  iron  spin. 
dl«  twenlf  feet  ia  length,  and  two  inches  in  diameter ;  of  which  (en 
ft«(  were  surrounded  b;  the  copper  ball,  vane,  and  cross  ;  and  lb* 
lower  half  was  inchsed  in  a  groove  cut  through  the  middle  of  the 
solid  stone  which  compased  the  upper  part  of  the  ipire,  and  reEted 
on  lh«  bottom  of  that  groove,  which  was  sunk  live  inches  deep  into 
ibe  lowest  of  those  soiiti  .vlunes  :  (his  last-tnenlioned  stone  being 
three  feet  broad  and  one  dei^p.  The  interval  between  the  sides  of 
the  Bpiodleuid  the  groove  made  la  receive  it  wa*  filled  up  by  melt. 
lead  poaredia  between  them. 

Th«  l^htniiig  accumulated  in  the  metal,  liaving  its  passage  to- 
wards the  earth  strongly  resisted  at  this  place,  has  in  expanding  it. 
self  formed  a  hole,  by  bursting  off  from  the  loner  part  of  the  spin, 
die  the  ilones  contiguous  to  it  on  that  side.  At  each  of  the  angles 
of  lb«  m«Ul^  the  stone  on  which  it  rested  is  cracked,  which  prolja. 
bly  was  occulaaed  by  the  lightning  issuing  with  greater  freedom 
from  tlioM  parts,  (hao  from  the  flat  surface.  No  part  of  the  spin. 
die  iain  the  least  injured  by  Ihelightning,  notwithstanding  the  great 
quantity  which,  from  its  effects,  appears  to  hare  been  accumulated 
in  it*.  Prom  hence,  as  low  as  to  the  corniche,  it  seems  to  hav« 
btxa  coitducted  along  the  surface  of  the  spire,  which  was  wetted  by 
the  rain  that  had  fallen  in  the  morning,  before  the  lightning :  and 
having  been  accumulated  in  the  iron  bars,  in  dischargiug  itself  from 
them,  it  has  made  the  greatest  eiplusion  at  this  place. 

Under  this  part  the  freedom  of  its  passage  seems  to  hare  been 
hindered  by  all  the  dry  stonework  underneath,  which  was  defended 
from  the  rain  by  the  corniches  :  and  it  appears  from  some  eaperi. 
□tents  which  I  formerly  msde'l',  that  dry  free-slone,  when  warmed 
to  a  certain  degree  (which  probably  does  not  exceed  the  heat  which 
the  ttonaa  of  baildinga  acquire  la  hot  weather)  resists  the  passage 
oflhts  alectiic  fluid  or  lightning  so  strongly,  that  with  plates  of 

*  la  IkejtU  ITSO  the  ttoneirarroundlag  Ihixpindlr  were  ao  much  danngrd, 
dut  ihrre  WM  n  necesnljr  of  lakiaf  Ihcm  dnnn  and  rrbuildiag  llut  pari  of  Ihe 
■fare .     lite  caaic  of  Ihii  wai  not  known  al  Ibal  lioie  ;  it  ii  probable  thai  i( 
■w  occatioacd  in  Ibr  sane  manner  ai  the  prcirDl  accideat.— Orig. 
it.ai.V.3M. 
«  4 
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that  stone,  instead  of  glass,  I  performed  the  Leyden  ezperinieot 
Under  the  comicbe,  the  lightning  descended  only  by  leaping  from 
one  iron  to  another;  and  at  every  leap  its  force  seems  to  have 
been  weakened,  and  at  least  to  liaTe  been  qaite  dissipated. 

On  examining  the  inside  of  the  steeple,  beginning  from  the  top, 
the  first  effect  of  the  lightning  that  appears  is  a  hole  in  the  stone 
work,  beginning  immediately  abo?e  an  iron  bar  which  serred  to 
support  the  top  of  the  window  or  opening,  and  running  npwiirds 
towards  the  two  cross  iron  Iwrs :  this,  when  Viewed  from  the  oat. 
side  of  the  church,  is  seen  to  have  spread  round  most  of  the  lower 
part  of  the  spire,  so  that  it  seems  in  great  danger  of  falling.  The 
neit  stroke  is  about  four  f<^t  below  :  at  this  place  four  tron  birs 
lie  horizontally  across  the  spire,  and  are  tied  together  bj  chiin 
bars  which  are  inclosed  in  the  stone  work  :  where  the  end  of  one 
of  the  cross  bars  is  inserted  in  the  stone,  the  lightning  has  burst 
open  a  hole,  and  when  the  same  is  Tiewed  at  the  oatslAei  a  great 
part  of  the  corniche  appears  to  be  broken  off.  Where  the  two 
iron  bars  scrring  to  support  the  top  of  the  windows  wk^  and  art 
joined  together,  the  lightning  accumulated  in  them  has  broken  off 
the  pier  by  which  they  were  inclosed.  A  bar  of  iron,  -which  sl!rfw 
cd  to  support  the  top  of  the  window  in  the  same  manner  ai  tiiose 
last  mentioned,  twenty. one  inches  long  clear  of  the  stonework,  aad 
half  an  inch  thick,  is  broken  ;  and  the  stones  immediately  above  it 
are  shattered  and  disjointed.  The  sills  of  two  windows  of  this 
story  are  torn  off  from  iron  bars  which  lay  beneath  them. 

An  iron  bar,  No.  I,  about  15  inches  long,  was  inclosed  nine 
inches  deep  in  the  stone- work  of  the  pier,  separating  the  ieast  arch 
from  the  arch  next  it  towards  the  north  :  the  end  of  this  bar  johis 
at  a  ri<;lit  angle  another  bar.  No.  9,  which  is  laid  across  tiie  arch. 
The  lightning  accumulated  in  the  iron  No.  I,  which  was  InckMcd 
in  the  stone.work,  has  burst  off  all  the  stone  that  surrounded  it, 
and  part  of  the  pier  adjoining.  The  flaw  is  continued  downwards, 
meeting  with  smaller  iron  cramps  in  its  way.  At  the  next  ard, 
lying  immediately  under  the  last  mentioned  one^  an  iron  wu  la. 
closed  in  the  stone  in  the  same  manner  as  the  bar  at  No.  1  :  the 
stone  is  torn  ofTfrom  this  iron  exactly  in  the  same  manner  aa  at  No. 
1  :  but  the  damage  has  not  reached  much  farther  than  the  stone 
which  was  contiguous  to,  and  covered  this  bar.  At  the  bottom  of 
tliis  arch  the  sill  stone,  which  covered  some  cramps  of  Iron^  if  torn 
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off  from  in  place.  Al  the  next  arch  und^r  this,  Ike  force  of  the 
lighlnini!  teems  to  hire  lieeu  much  dimioUlied,  a  sniill  part  9f  one 
•toni*  oiity  bein^  brnkr'n. 

Fffi'n  the  wall  of  the  vtst  side  of  the  Eoulh  window  of  the  belfr; 
loBie  xtones  wei»  thrown  down  :  one  chalky  ^tone  in  particular  is 
rednci^  into  aa  impalpable  powder,  and  the  wall  under  the  trc<'t 
window  ia  almost  coTcred  with  ilie  powder ;  this  stroke  seems  to 
bare  bero  dirrcled  luwardj  the  bells,  one  of  which  is  Tery  near  the 
place  dimngrd  :  the  bells  hnre  not  lit^n  examined  ;  nor  can  they, 
il  j«  said,  without  danger  of  shaking  the  spire  by  their  motion.  This 
is  the  lowest  mark  which  is  left  of  the  eAVclI  of  the  lightning. 

In  etery  part  that  is  damaged,  the  lightning  has  acted  as  an 
tflaitie  fluid,  endearoiiring  to  expand  itself  where  it  was  accumu. 
latedin  the  meial ;  and  the  effects  are  pxaclly  similar  to  those  which 
wonid  haee  been  produced  by  gonpowder  pent  np  in  the  same 
places,  and  exploded.  Among  mitny  other  stones  thrown  to  a  con. 
■idenbla  distance  by  these  explosions,  one  weighing  abofe  70 
pounds  was  remored  50  yards  eastward  from  the  steeple,  where  it 
fell  tbroogbtheroofof  a  house.  It  is  evident  that  these  elTi-cts 
wonid  fclte  been  proTunted,  if  a  suf&cienlly  large  metallic  conduc. 
tor  had  bMD  extended  from  the  metal  at  the  top  of  the  spire  down 
to  the  earth,  communicatint;  with  the  other  metallic  parts  of  the 
boildini  th^it  lay  in  its  way.  Such  3  communication  seems  very 
necessary  in  buildings  of  this  furm.  The  iron  bars  which  were 
flud  in  the  stone. work  of  the  east  arches,  were  struck  by  the  light. 
ning,  while  those  in  the  arches  fronting  them  on  the  west  side  of 
the  tan«t  «tory  remained  unlnuchi-d  by  it.  So  that  probably  i  con. 
dnctor  commanicatlng  with  thy  west  nrches  only,  would  not  have 
preiervcd  the  opposite  an'>s  from  the  dama^  lliey  have  suffered. 

When  such  building  are  exposed  to  very  targi'  clouds  replete 
wMh  llghtiiiofi,  there  is  no  reason  to  ima.-ine  that  ihey  will  not  con. 
**y  some  of  (heir  contents  to  other  oietallir  parts  of  the  building  at 
tite  same  lime  as  to  the  metal  at  the  tap  :  fur  though  the  conducior 
may  be  large  enough  to  convey  to  the  ground,  from  the  top,  all  the 
lightning  that  enters  th»t  p.'irl ;  yet  one  such  small  conductor  ran  ■ 
not  be  supposed  to  exhiust  those  immense  bodies  so  quickly,  as  to 
diuble  them  from  Striking  at  the  same  time  other  buildings,  or 
other  parts  of  the  same  building.  A  wire,  or  »ery  imnll  rod  of 
netal,  does  not  leem  to  be  a  canal  sulficienlly   large  tn  conduct 
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•o  great  a  qaanlitj  of  lightoiog  to  the  earth ;  efpeeially  wkea  aaj 
part  of  it,  or  of  the  metal  connDttoicetlDg  with  it|  is  IndoMd  io  the 
ttone*work :  in  which  case,  tlie  applicatioa  of  it  woul  J  tend  to  is* 
crease  its  bad.effecti,  by  coadnctiDg  it  to  parte  of  the  taildiag 
which  it  might  otherwise  not  have  reached. 

Dr.  Franklin,  from  o.bserving  that  the  filleting  of  gold  leaf  on  the 
coTer  of  a  book  conducted  the  charge  of  five  large  jan,  reasons 
that  a  wire  will  be  sufficient  to  conduct  the  lightning  from  the  Ugk 
est  buildings  to  the  earth.  But  it  appears  from  an  ozperimeot  af 
his  own,  that  a  much  larger  body  of  metal,  when  inclosed  between 
small  plates  of  thick  looking-glass,  is  not  sufficient  to  cobdada 
fifth  part  of  such  a  charge,  without  being  melted,  and  burttiag  to 
pieces  the  plates  of  glass.  And  it  is  remarkable,  that  in  tliOBe  pails 
of  the  church  where  the  efiects  of  the  lightning  are  BMSt  coaapiok 
Otts,  the  iron  was  inclosed  in  a  resisting  snbetaMe  liaulmr  to  As 
glaw  surrounding  the  gold  leaf  in  that  experiment.  Wirca,  iniftiai 
of  conducting  the  lightning,  have  often  been  meked  bjr  tlm 
sion.  So  that,  it  seenu  a  conductor  of  metal  lem  than  aix  wr 
inches  in  breadth,  and  a  quarter  of  an  inch  in  tldekaoas  (or  aa 
equal  quantity  of  metal  in  any  other  form  that  may  bo  tommi 
con?enient)  cannot  with  safety  be  depended  on,  whero 
are  exposed  to  the  reception  of  so  great  a  quantity  of  >%fc*!W"yi 
These  are  the  only  points  in  which  I  hare  reatured  to  diftr  fM 
Dr.  Franklin. 

[a.]7M. 

11.  Singular  und  fatal  Effeeit  of  a  TkunderMorm,  wUlumi 
Lightning^  near  Coldsireamj  Scotland* 

By  Patrick  Brydone,  Esq.  F.R.S. 

Tuesday,  July  10,  1783,  was  a  fine  soft  morning,  thermooMCer 
at  ten,  68° ;  about  eleren,  clouds  began  to  form  in  the  sooth-east; 
and  between  twelre  and  one  there  were  several  flashes  of  iightnlof^ 
followed  by  rolling  claps  of  thunder,  at  a  considerable  distance. 
Soon  after  however  Mr.B.  vas  suddenly  alarmed  by  a  load  report| 
for  which  he  was  not  prepared  by  any  preceding  flash:  it  re- 
sembled the  firing  of  several  muskets,  so  close  together,  that  the 
ear  could  hardly  separate  the  sounds;  and  was  followed  by  no 
rumbling  noise  like  the  other  daps.    Soon  after  he  wu  told  that  a 
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r'fr  feodf  lb  JHE  -hiendi' :  m  ikaa  I  ind 
■iae  h :  fam  Mr.  fisll.  Bininer  of  Caftd. 
tiK  SUM  perfieet  cmcioiiT  aad  Tcmfiirr^ 
for  «D  smioiiBOc-  tiif ■  imtM\  f^«M  !•  ti» 
ft«B$  mam^  pamOi.  sud  iad  czBouned  tbc  hodi  :  tiut  kr  Jaud 
Iht  ikift  «l  tks  rieltt  'iiHC^  vmcb  bomt  aad  fthrhwlled,  and  auay 
■nlu  af  4»  HMK  kind  f»v«r  tbe  wauW  had^  :  but  Banc  sb  lbs 
k9^  viich  br  inpirtBd  lo  tbutr  bKBxrmg  ovnr  tbr  lDns|Art  ctf  tb» 
cut  91  tbtUataf  IftecxploBiBii.  md  not  Iwaii^  ia  cranicl  midiurf 
pvt  of  it.  Hb  dothm,  and  particnlarlj  hk  ibbt,  wt&  ^wy  aocb 
tHB,  aadcaiCtod  a  Btronir  Bmen  <vf  bnmiiii!.  TW  body  wm  bwied 
tvi0  4^s  lAv,  vithoot  iiaring  difioorered  mn j  fymptami  of 


'•  cospoMOB  ihDtred  the  diKtnw  bKwem  tbi  Urn  «BitK, 
wbicb  wm  mmedj  markod ;  for  hu  bories  had  tnnicd  roood  01  tbo 
(bne  of  IbacifrfoHon,  aod  broke  tbeir  harocK ;  at  wai  aboot  M 
ymrdMf  ood  foodfr'a  cart  was  a  few  leec  bigber  oo  the  baak,  hot 
kmA  not  yot  reaehed  tbe  ramait.  Mr.B.  now  euminod  tbe  rarC, 
^ad  tbo  WfOt  aiwaad  k.  Tbe  bortei  wore  Mack,  aad  of  a  sUoog 
^ako;  Ihajr  hod  fiJlco  oa  tbo  left  ndt,  aad  tbeir  lf«i  bad 
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d<*ep  impression  in  (he  dust,  which,  on  lifling  them  up,  riiowed  (he 
exact  form  of  each  leg  ;  so  that  no  kind  of  straggle  or  cooTvIm 
motion  liad  succeeded  the  fall,  but  every  principle  of  life  teems  to 
have  been  extinguished  in  an  instant.  The  hair  was  mach  migvd 
over  the  greatest  part  of  thtir  bodies ;  but  was  most  perceptible  ea 
the  belly  and  legs.  Their  eyes  were  already  become  doll  and 
opaque,  and  looked  like  the  eyes  ot  an  animal  which  had  beenloig 
dead.  The  jtiiiifs  were  all  supple  ;  and  he  could  not  pcroeiva  thU 
any  of  the  bones  were  either  softened  or  dissolved,  ma  it  haabcM 
alledged  sometimes  happens  to  animals  killed  by  lightning.  Tk 
left  shaft  of  the  cart  Has  broken ;  and  the  splinters  had  been  tfanwa 
oflT  in  many  places,  particularly  where  the  timber  of  the  cart  vn 
conni!C(«'d  by  nulls,  or  cramps  of  iron.  Many  pieces  of  tlie  cssl 
were  likewise  thrown  out  to  a  considerable  distance,  all  roondtk 
cart;  and  some  of  them  had  the  appearance  of  coal  wUch  badWi 
some  time  on  a  fire.  He  also  gathered  up  the  fragments  of  Lsi* 
der*s  hat,  which  had  been  torn  to  innumerable  small  pieces ;  n 
well  as  part  of  hist  hair,  which  was  strongly  united  to  some  ef  tks 
fragments  which  had  composed  the  crown  of  the  hat.  A!NMt4| 
feet  behind  each  wheel  of  the  cart,  was  an  odd  appeariace  la  ttl 
ground ;  a  circular  hole  of  about  twenty  inches  in  diuncter,  tk 
centre  of  which  was  exactly  in  the  tract  of  each  wheel.  The  csitk 
was  torn  up,  as  if  by  violent  blows  of  a  pick.axe,  and  tks  SHsB 
stones  and  dust  were  scattered  on  each  side  of  the  road.  The 
tracks  of  the  wheels  were  strongly  marked  in  the  dast,  both 
and  before  these  holes,  but  were  completely  obliterated  for 
of  a  foot  and  a  half  on  these  spots.  This  led  Mr.B.  to  trnpedy 
that  the  force  which  had  formed  them  must  likewise  luiTe  sfitdi 
strongly  on  the  wheels ;  and  on  examination,  he  fonnd  evidnt 
marks  of  fusion  on  each  of  them.  The  surface  of  the  iron,  tstk 
length  of  about  three  inches,  and  the  whole  breadth  of  the  whidi 
had  become  of  a  bluish  colour,  had  entirely  lost  its  polish  mrf 
smoothness,  and  had  the  appearance  of  drops  incompletely 
on  its  surface ;  these  were  of  a  roundish  form,  and  had  a 
projection.  To  ascertain  tvhether  these  marks  were  orcasioeed bf 
the  explosion  which  bad  turned  up  the  ground,  he  pushed  badEtbi 
cart  on  the  same  tracks  which  it  had  described  on  the  road;  •>' 
found,  that  the  marks  of  fusion  answered  exactly  to  the  etati^d 
each  of  the  holes :  and  that,  at  the  instant  of  the  ezplosfeB}  1^ 
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IriMi  of  lb*  wbe«l(  hail  been  lunk  di-ep  in  the  dust.  Thp^  liad 
nattt*  ilmost  half  a  resolution  after  the  explosion,  nhich  mi^lit  be 
ocrauoovtl  by  the  fHlling  Joh  d  uf  the  horses,  whirh  pulled  the  curt 
■  litlfp  forward.  On  vxamiaiag  the  opposite  part  a(  the  whceli,  or 
thai  pari  which  vsti  at  tlie  greatrst  disraiice  from  the  earth,  no 
mark  of  any  Vind  va»  obserrable.  The  broken  earth  still  emilleit 
a  iRwII  tODii  thing  like  that  o(  elhtr.  The  ground  was  remarkably 
dry,  and  uf  a  grMrelly  toil. 

It  would  appear,  that  this  great  explosion  had,  in  an  Initant, 
pvrradvd  vtery  substance  connected  with  llie  cart,  the  Khedsuf 
which  had  probably  eon'lucted  it  from  the  ground.  They  had  been 
f-ODipletdy  wtlted  but  a  few  minuteii  before,  as  well  as  tl»<  legs 
and  bellif[i  of  the  horses,  and  might  perhn[:is  be  (he  reaton  why  the 
hair  ou  fliFie  parti  was  much  more  burnt  than  on  the  re^t  of  their 
bodies,  lloweser,  llie  two  horsps  bad  already  walked  orer  thii 
•Jpctrtcal  Dine,  without  ha?ing  proitiiced  any  effect ;  utii]  had  not 
the  cart  followed  them  ml^hi  have  escaped  uilhoal  hurt.  lie  ex. 
atnintd  all  theii  shoes,  but  could  not  perceire  the  lea'^t  mark  on 
anr  of  Ibeni,  nor  wa^  the  earth  bruken  where  ihey  had  (loddeu. 
But  the  cart  waa  deeply  laden,  and  the  wheeU  had  penetrated  much 
farther  ittlo  the  ground. 

The  equilibrium  between  the  earth  and  the  atmosphere  teems  at 
(hit  toatant  to  have  beeu  completely  restortd  ;  for  no  further  ap. 
imraDM  of  thunder  ur  lightning  was  observed  within  the  hernia, 
pherc  ;  the  clouds  dispelled,  and  the  air  resumed  the  most  perR  ct 
tnoijalllity  i  but  hon  this  vast  quantity  of  electric  matter  cooldba 
ditcbsrg«d  from  the  one  element  into  Ihr  other  without  exhibiting 
any  appearance  of  hre,  he  pretrnds  not  to  examine.  The  fact 
liowever  appears  certain;  and  when  he  was  mentioning  it  as  a 
Singular  one,  a  genltemati  told  him,  that  the  shepherd  of  St. 
Cuihbert's  farm,  on  the  opposite  bank  of  the  Tweed,  had  been  ait 
ejre.witoi  ts  of  the  event,  and  gave  a  different  account  of  it,  Mr. 
It,  iMoicdialely  went  to  the  farm,  found  the  shepherd,  and  made 
bim  conduct  him  to  the  spot  Khtnce  he  had  obberved  it,  and  desired 
bin)  toglie  an  account  of  what  had  happened.  He  was  looking, 
be  (aid,  at  iJie  two  carts  going  up  the  bank,  when  he-  was  stunned 
by  a  luud  report,  and  at  the  same  instant  saw  the  first  of  the  carts 
fall  to  the  ground,  and  observed  that  the  man  and  horses  lay  still, 
■•  if  AglA> .    Uv  Mtld,  tw  Mw  w  iightoiog,  nor  appearance  of  lire 
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xhtterer;  bvt  observril  the  dusi  to  ri*«  at  (he  plaf*  ;  that  Ant 
liaJ  been  several  flashrs  of  lightntng  some  time  before  from  the 
■outh-easi,  whan-.is  the  accident  happened  to  the  nortb.wttt  o[ 
where  be  sloud.  Ttiu  diitance,  in  a  right  line  across  the  ritPt, 
night  be  belwren  two  or  tliree  hundred  yardi.  He  wu  seniiblc 
of  no  sliack,  nor  uncommon  sensailon  of  Hi>y  kind. 

Several  olher  phenameoa  happened  on  ihal  da^,  probably  all 
procM^ding  (rom  the  same  cause  ;  some  of  which  Mr.B.  meatiav. 
Thi-  shepherd  beloaging  to  tlw  farm  of  Lennel-bill  was  in  a  neigfa. 
bourtng  fietd,  tending  his  flock,  when  he  obterred  a  Iamb  drop 
down  ;  and  said,  he  felt  at  the  same  time  as  if  (ire  had  paiMd  onr 
tils  fuce  tiiDUjjh  the  ligblning  and  claps  of  thand«r  were  ttieoitt 
I  real  distance  froQ]  him.  Herat)  up  immediately,  but  found  the  I 
lamb  quite  dead  ;  nor  did  he  perceire  the  least  cotitutsirc  IIlotiM^ 
nor  ayinplum  of  life  reouining,  though  the  moment  before  Kq 
prared  (o  be  in  perfect  health.  Ue  hied  it  with  bis  knife,  sad  ^  I 
blood  flowed  freely.  I'his  happened  about  a  Quarter  of  In  how 
befor*  the  cxploiion  which  killed  Lauder ;  and  it  was  not  t 
three  hundred  yards  distant  from  the  spot.  He  was  only  a 
yards  from  the  lamb  when  it  fell  down.  The  earth  was 
up,  nor  did  he  observe  any  dust  rise. 

Tlxnnas  Foster,  a  celebrated  lisher  in  Coldstream,  and  anoAi 
man,  were  standing  in  (he  middle  of  the  Tweed,  fishing  fortdia 
with  ihv  rod,  wheu  they  suddenly  heard  a  load  noise ;  and,  laril 
lug  round  to  sec  from  whence  it  came,  tliey  found  tbemselres  canji 
bia  violent  whirlwind,  which  felt  sultry  and  hot,  and  almost  p 
vented  them  from  breathing.  It  was  not  without  much  ditfical^ 
they  conld  reach  the  bank,  where  they  sat  down,  exhausted  • 
hiigue,  and  greatly  alarmed  ;  however  it  lasted  but  a  tefr  si 
time,  and  was  succeeded  by  a  perfect  calm.  This  happened  ■' 
an  hour  before  the  Mplosion. 

A  woman  makiug  liay  near  the  banks  of  the  rirer,  fell  soddell 
to  the  ^ouiid,  and  called  out  to  her  companions,  llrat  sh«  ImiM 
ceiled  a   tioleut  blow  on   the  toot,   and  conld  not  imagine  f 
whence  it  came,     Mr.  Oell,  our  minister,  nephew  of  Tlioitifioti  t 
poet,  and  possessed  of  all  the  candour  and  ingenuity  of  his  d 
■aid,  that,  walking  in  his  garden,  a  lidli!  before  Lauder's  acdi 
he  sevcrat  times  felt  a  sentible  ti*Mnor  in  the  ground.  He  also  «*)^ 
th|l  bv  bad  obientd  on  LandrHi  body  l  %tg-ta§  tinr,  of  about  >i* 


THUNDER-STORMS. 

inch  «i)d  n  iiaart^r  broail,  which  exIenJed  from  his  chin  dowD  (o 
bis  rieht  thi^h,  and  had  folluned  nearly  the  liue  or  the  bullous  of 
hia  WRistcont.     The  skin  was  burnt  while  and  hard. 

TbfK  are  all  the  ctrcum stances,  says  Mr.B.,  I  have  been  able  (i> 
collect  ihat  are  nell  aulhenlicated,  snd  I  shall  not  trouble  you  with 
rrpnrti  that  am  not.  From  the  wHoIh  it  would  appear,  that  the 
»arlh  had  acquired  a  ^reat  sitpernbuiidanrf  of  electrical  mailer, 
nhidi  was  etery  where  cmleavouring  lo  fiy  off  into  thu  atmo. 
pbirrc.  P'Thapt  it  might  lie  accountnl  for  from  the  cxcessire  dry. 
UMt  of  Ihe  fjround  ;  and  for  mnny  monlhs,  the  almost  total  want 
of  nin,  which  is  probably  the  ag<  nt  that  nature  employs  ui  pre> 
serving,  or  in  restoring,  the  eijuilibriuni  between  the  other  two 
elvmenti.  But  I  »hall  not  prett'od  to  invi^slii;ate  the  causes  ;  all  I 
wanted,  wa!  to  give  some  account  of  the  cfTccts. 

P.  S.  I  cAODot  send  awny  this  letter  uilhont  adding,  in  a  post. 
Kript,  that  on  Friday  the  I  llh  of  August  last,  early  in  the  uioro. 
■tif;,  we  had  a  pretty  smart  ahock  of  an  earthquake.  I  waa  awaked 
by  it,  aad  felt  the  moiiuu  must  distinctly  for  four  or  6vc  seconds  at 
least.  It  apf)eared  as  if  ihe  bed  had  been  pulled  genlly  from  side 
(a  sidf  leieral  times.  The  motion  was  nearly  north  norlh-w»5t 
and  soutb.rasi,  as  far  as  I  cuuld  judge  from  the  motion  of  the  bed. 
I'he  windows  wen  fiolently  shaken,  and  made  a  great  noise,  which 
I  believe  wia  mistaktn  by  niany  people  for  a  noise  accompanying 
the  earlbqaahe.  I  immedialely  rose  to  look  at  my  witch,  and 
found  it  twenty  minn(c«  after  two.  U  wns  n  dead  calm,  the  morn- 
iiqt  dote  and  warm,  with  a  small  drlixling  raki,  anil  though  the 
moon  was  but  two  days  pasi  Ihe  full,  so  dnrk  that  I  could  not 
perceive  the  hour  without  striking  a  light.  It  wu  felt  in  almost 
e»*ry  house  in  this  neighbourhood,  and  all  the  nay  from  tills  coun. 
try  to  thft  west  coast  of  the  island,  where  it  seems  to  hare  been 
more  Tiolent  thti^  here  :  but  to  Ihe  east  of  this  place  it  was  jerj 
little  felt. 

Perhaps  it  may  not  be  improper  to  mention  the  state  of  th«wea. 
ther  far  some  time  before  and  after  this  event,  as  it  may  possihlf 
have  had  tome  influence  on  it.  The  drought  was  very  ^reat  lilt  the 
S%d  ot  July,  when  it  rained  a  little  ;  and  this  was  repeated, 
though  in  small  quantitios,  and  generally  accompanied  by  ht^ 
winds,  till  iliursday  the  tjlh,  when  it  bW-w  the  most  violent  lem. 
pelt  I  aver  laniember  in  this  country.   The  young  crop  of  turnipa^ 
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in  manj  fields,  were  blown  out  of  the  ground,  and  almost  entirely 
tlestroyed.  The  pease  became  brown  as  if  withered,  sad  so  did 
the  leaves  of  the  forest  trees  on  that  side  which  was  oppoatd  to  the 
blast.  Vast  clouds  of  dnst  were  raised  from  tlie  dry  fields  and 
roads,  which  looked  like  smoke,  and  had  the  appearaure  at  a  dis. 
tance  as  if  many  Tillages  had  been  on  fire  all  o?er  the  coantry. 
The  water  too  was  raised  from  the  surface  of  the  river,  aod  canM 
quite  away  by  the  violence  of  the  hurricane,  forming  sniftil  dowh 
in  the  air,  which  we  tra  ed  to  a  great  distance.  The  great  violcire 
of  this  tempest  lasted  but  a  few  hours,  and  at  night  it  fell  ealou 
The  barometer  was  little  affected,  and  stood  at  29|  indies.  Tie 
wind  Mras  early  west,  veering  sometimes  a  little  to  the  norft. 
From  this  time  we  had  a  course  of  very  fine  weather,  the  wind  cob* 
stantly  in  the  west  points,  till  the  time  of  tlie  eartliqaake  (wUdi 
happened  on  what  is  called  the  last  of  the  dog.dajs)^  wbea  it 
changed  to  the  south-east,  and  brought  us  five  of  the  wont  dqft 
I  ever  remembered  to  have  seen  at  that  season  ;  it  rained  ilnM«t 
incessantly,  with  a  cold  easterly  wind,  and  the  ran  did  sat  once 
appear  till  the  morning  of  Wednesday  the  10th,  after  wbicliwelid 
again  a  course  of  fine  weather.  I  examined  the  baromeCer  at  the 
time  of  the  earthquake,  but  did  not  fine  that  it  had  been  aeniWy 
affected.  It  rose  a  little  on  that  moniiog ;  but  this  1  hnpated  to 
the  wind  having  changed  to  the  east. 

[W.  1787. 

15.  Theory  of  the  returning  Stroke^  in  Explanation  •/  ike 

preceding  Phwnomena, 

By  the  Right  Hon.  Charles  Earl  Stanhope,  F.R.S. 

No  storm  of  lightning  has  ever  produced  effects  more  carioos  to 
contemplate  than  those  related  by  Mr.Brydone,  in  his  letter  to  the 
president  of  this  Society.  That  account  contains  facts  of  sack 
consequence,  and  so  perfectly  inexplicable  bj  the  commoDiy  le* 
ceived  principles  of  electricity,  that  it  undoubtedly  deserves  paHi- 
cularly  attention,  it  appears,  that  a  man,  James  Lauder,  sitlia| 
on  the  fore  part  of  a  cart  drawn  by  two  horses,  was  8iiddeill)r 
struck  dead,  as  also  the  horses  that  he  wns  driving,  and  lh«ltlM 
cart  itself  was  much  injured  by  electrical  fire,  though  oo  lightalag 
fell  at  or  near  the  place  where  this  accident  happened. 
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Now  few  ficts  of  this  kind  haTe  ever  been  better  authenticated 
than  this  it.  It  appears  6rst,  that  a  man,  who  was  sitting  on  the 
fore-part  of  another  cart,  only  twenty.fonr  yards  behind  the  cart 
that  was  struck,  '^  had  Lander,  his  cart  and  horses,  full  in  ?lew 
when  thejr  fell ;  he  was  stunned  bj  aloud  report,  and  saw  his  com- 
panion, his  horses  and  cart,  fall  to  the  ground ;  he  immediately  ran 
to  his  assistance,  but  found  him  quite  dead ;  he  percei?ed  no  flash 
or  appearance  of  fire."  It  also  appears,  that  another  man,  a 
shepherd  of  St.  Cuthbert's  farm,  was  also  a  witness  of  this  eTent. 
was  distant  from  Lander  ^^  between  two  and  three  hundred  yards, 
•nd  was  looking  at  the  two  carls,  when  he  was  stunned  by  a  loud 
report,  and  at  the  same  instant  saw  the  first  of  the  carts  fall  to  the 
ground*  He  saw  no  lightning,  nor  appearance  of  fire  whatever.'* 
The  ooncnrrent  testimony  of  these  two  men  is  confirmed  by  Patrick 
Brjdone,  Esq*  who  lives  at  a  small  distance  from  the  spot  where 
Laader  was  killed ;  and  Mr.  Brydone  relates,  that  a  storm  appear- 
ed far  off;  aad  that  he,  and  some  company  in  his  house,  were 
*^  tnddeoly  alaraed  by  a  loud  report,  for  which  (hey  were  not 
prepared  by  aaj  preceding  flash."  There  is  the  greater  weight  to 
be  givea  to  this  account  of  Mr.  Brydone,  as  it  so  happened,  that 
ko  was  jost  then  ^*  observing  the  progress  of  the  storm,  at  an  open 
window,  in  the  second  story  of  his  house,"  and  making  the  com- 
pany ^  observe,  by  a  stop-watch,  the  time  that  the  sound  took  to 
nach  them." 

That  the  death  of  Lauder,  and  of  the  horses,  was  not  occasioned 
by  any  direct  main  stroke  of  explosion  from  a  thunder. cloud,  either 
poritively  or  negatively  electrified,  Lord  S.  thinks  is  evident;  since 
DO  li^taing  whatever  passed  from  the  clouds  to  the  earth,  or  from 
the  earth  to  the  clouds,  at  the  place  where  they  were  killed.  It  is 
eqaailjr  evident,  and  for  the  very  same  reason,  that  they  were  not 
deprived  of  life  by  any  transmitted  main  stroke  of  explosion,  either 
positive  or  negative.  It  is  also  obvious,  he  adds,  that  the  lateral 
exploaioBwas  not  the  cause  of  this  mischief;  for  the  lateral  ex. 
piosioa  does  always  proceed  immediately  from  the  main  stroke 
Itaeif;  and  therefore  there  can  exist  no  lateral  explosion,  in  the 
caae  wiien  there  is  no  main  stroke  whatever. 

Lord  S.  thinks,  from  the  different  circumstances  of  this  case, 
tliat  tlie  effects  produced  proceeded  from  electricity  ;  and  that  no 
electrical  fire  did  pass  immediately  either  from  the  clouds  into  the 

vox*.  IV.  7 
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cart,  &c.  or  from  the  cart,  &c.  into  the  clouds.  From  the  circur 
lar  holes  in  the  ground,  of  about  twenty  inches  in  diameter,  the 
respectiTe  centres  of  which  were  exactly  in  the  track  of  each  wheel, 
and  the  corresponding  marks  of  fusion  ou  the  iron  of  the  wheek, 
which  marks  answered  exactly  to  the  center  of  each  of  the  h«ks; 
it  is  evident,  he  says,  that  the  electrical  fire  did  pass,  from  the 
earth  to  the  cart,  or  from  the  cart  to  the  earth,  through  that  part 
of  the  iron  of  the  wheels  which  was  in  contact  with  tlie  gvovad. 
From  the  spKnters  that  had  been  thrown  off,  in  many  places,  parti, 
cularly  where  the  timber  of  the  cart  was  connected  by  nails  or 
cramps  of  iron,  and  from  the  various  other  effects  mentioned  m 
M r.Brydone's  paper,  it  is  further  evident,  that  there  wnsji  vioieot 
motion  of  the  electrical  fluid  in  all,  or  at  least  in  different  parts  of 
the  cart,  and  of  the  bodies  of  the  man  and  horses,  though  there 
no  lightning. 

Wonderful  as  these  combined  facts  may  appear,  and  ani 
as  they  certainly  are  in  this  country,  they  are  however  easy  ti  bt 
explained  by  means  of  that  particular  species  of  electrical  Aocl, 
which  1  have  distinguished  in  my  Principles  of  Electrldiy}  pliS- 
lishcd  in  1779,  by  the  appellation  of  the  ^^  electricml  retaroiag 
stroke:"  and  though  at  the  same  time  I  wrote  that  Treatiae^  Had 
it  not  ill  my  power  to  produce  any  instance  of  persons  or  anfaMb 
ha? ing  been  killed  in  the  very  peculiar  manner  since  related  in  Mr. 
Brydone^s  paper ;  I  did,  however,  from  my  experiments  mcntienei 
in  that  hook,  venture  to  assert,  with  confidence,  that,  if  peraouhe 
strongly  superinduced  by  the  electrical  atmosphere  of  a  daad, 
they  may,  under  circumstances  similar  to  those  explained  in  that 
treatise,  receive  a  very  strong  shock,  be  knocked  down,  orbeevea 
jLilled,  at  the  instant  that  the  cloud  discharges,  with  an  explosiaa, 
its  electricity,  whether  the  lightning  falb  near  the  very  pkce  where 
those  persons  are,  or  at  a  very  considerable  distance  from  that 
place,  or  whether  the  cloud  be  positively  or  negatively  electrifed." 

And  I  further  stated  that,  ^^  whether  the  distance  between  tk 
perf^>n  so  circumsUnced,  and  the  place  where  the  lightning  fidlS) 
he  fifty  or  one  hundred  yards,  or  one  mile,  or  two  milea^  or  three 
miles,  or  more,  the  truth  of  the  general  proposition  there  laid  dovo 
would  not  be  anywise  affected.'*  I  have  aUo  explained  ia  that 
treatise  how  a  still  more  singular  effect  might  be  produced,  namclyi 
now  <^  aii  explosion,  which  happens  in  one  place,  nay  cauie  hit 
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spconil  place,  at  a  very  consider:) lik  ilisiauce  from 

■  tudden  returning  stroke,  which  aijy  knock  dow 

p«r(on«  ftnd  animah  al  that  SFCunil  place  ;  nt   the  Si 

Dtticr  persona,  nr  oilier  animal),  iUnalixl  in  a  Ibcrd  place,  that  is 

even  iiiiaiediatiiy  between  thi;  first  place  where  the  lightning  falls, 

ud  tht;  second  place,  just  ineniioned,  where  the  shnck  of  the  re- 

'laruiiig  stroke  happens,  shall  receire  no  dtlrimeat  whatever." 

fiut,  before  speaking;  of  Ihe  accident  of  Lauder,  which  appears 
to  have  been  occasioned  by  a  returning  stroke,  proceeding  froni  an 
atteinbtRge  of  clouds,  I  will  sny  a  few  words  on  one  or  two  other 
fact?,  mentioned  in  Mr  Brydone's  account.  Mr.  Brydune  informs 
vs,  that  "  the  shepherd  belonging  to  Ihe  farm  of  Lennel.hill  wai 
in  B  ovighbooring  field,  when  he  observed  a  lamb,  only  a  few  \  arJs 
from  him,  drup  dawn,  though  the  liglitning  and  claps  of  thunder 
were  thva  at  a  great  distance  from  him.  lie  ran  up  immediate) r, 
but  found  the  lamb  quite  dead  ;  nor  did  he  perceive  the  least  con- 
vaUive  motion,  or  symptom  of  life  remaining,  though  the  moment 
before  it  ajipeared  to  be  in  perfect  healtli."  This  elTect  Is  so  pre. 
ds«ly  similar  to  those  eipUined  in  my  Principles  of  Electricity, 
that  it  ii  quite  unnecessary  to  enlarge  on  it.  I  shall  only  observe, 
tbat  luch  an  electrical  returning  stroke  as  that  liy  which  the  lamb 
was  detlroycd,  namely,  a  returning  stroke  which  happens  at  a 
pUce  where  there  is  neither  lightning  nor  thunder  near,  bttonj^s  to 
the  most  simple  class  of  returning  strokes;  and  that  il  may  be 
produced  by  (he  sudden  removal  of  ilie  elastic  electrical  pressure 
of  the  electrical  atmosphere  of  a  single  main  cloud,  as  well  as  by 
duit  of  an  assemblage  of  clouds.  It  appears  by  Mr.Brydune's  ac. 
count,  that  Ihe  shepherd,  who  siw  the  lamb  fall,  was  near  enough 
to  it  to  feel,  in  a  small  degree,  the  elecliical  returning  stroke  at  the 
nine  lime  that  the  lamb  dropped  down. 

Mr.  Brydone  further  relates,  that  "  a  woman  making  hay  near 
the  bank*  of  the  river  fell  suddenly  to  the  ground ;  and  called  gut 
to  her  companions,  that  she  had  received  a  violent  blow  on  the  fool, 
and  could  not  imagine  from  whence  it  came."  This  blow  was, 
uoquestioDably ,  the  electrical  returning  stroke.  When  a  persoa, 
walkioj  or  aianding  out  of  doors,  is  knocked  down  or  killed  by 
the  returning  stroke,  (he  electrical  fire  must  rush  in,  or  rush  out, 
M  the  case  may  be,  through  that  person's  feel,  ami  through  Ihem 
a»lj  ;  »lwch  wonid  net  bo  the  caw,  were  tha  pwiofl  tii  bo  kaackai 
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down  or  killed  by  aoy  niun  stroke  of  explosion,  either  positin  of 
Begatire. 

Lord  8.  then  proceeds  to  eiplaio,  from  the  retoming  stroke,  de« 
scribed  in  his  Principles  of  Electricity,  how  the  chief  effeets  nen* 
tioned  in  Mr.Brydone's  account  may  probably  have  been  prodnetd, 
▼iz*  the  death  of  the  man  and  horses,  with  the  dispersion  of  parts 
of  the  cart,  and  the  marks  on  the  wheels,  Sec. 

lid.  178r. 

13.  Curiout  case  of  Hecktngham  Poor'>hou9€  being  s€t  am  Jifit 
by  Lightnings  though  guarded  by  Conductors, 

B>  Dr.  Blai^eo,  and  Mr.  Nafroe. 

The  first  communication  is  a  letter  to  the  president  of  the  R.S. 
from  the  principal  offiobrs  of  the  Board  of  Ordnance,  dtltei  Dfec 
n^  1781,  as  follows: 


SiK, — HaTiog  received  information  that,  last  tvnmeciy  a 
of  lightning  set  fire  to  the  poor.home  at  HeckingluaB,  near  Noi* 
wich,  notwithstanding  it  was  armed  with  eight  pointed  coodnctoH^ 
we  request  you  will  communicate  to  us  soch  particnlan  raising  la 
that  fact  as  may  have  come  te  your  knowledge* 

(Signed)    Amherst ;  C.  Frederick ;  H.  Starchey ;  J.  Kenricft* 

Sir  Joseph  Bamki^  Bart, 
Frttid$nt  of  the  Eo^at  Sockty^ 

It  does  not  appear  that  any  particulais  relating  to  timt  fiid  haff 
come  to  the  president's  knowledge.  However,  the  cvnncil  of  Ae 
R.  S*  appointed  a  committee  of  their  members  to  inquire  into  tbs 
partknlars,  as  appears  by  the  following  extracts. 

Extracts  from  the  Minutes  of  the  Council  of  ike  Moftd 

Societym 

Jan.  10,  1789.^ — The  president  laid  before  the  oonneil  a  letter  Is 
him  from  the  Board  of  Ordnance,  acqoamting  llim,  tbat  Ae  poer« 
bouse  at  Heckingham,  near  Norwich,  had  been  struck  bf  U^ 
sing,  notwithstanding  it  was  armed  with  eight  pointed  condatctoft; 
and  reifuestlog  him  to  communicate  to  them  such  particulars  #tfct> 
tog  to  that  fact  as  may  hare  come  to  his  koowledge,«-*Resolfed^ 
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Tbat  Dr.  Blagden  and  Mr.  Nairne  tie  requeiled  to  repair  to  Heclu 
uifhaAi,  anil  eiamliie  into  the  circunnstanc<'3  of  llie  accident,  aad 
K'port  thereon  tu  tlie  council :  (hat  Ihey  engage  a  draiiglilsman  to 
lake  such  drawings  ni  may  lie  Tpqutsite;  and  that  the  Aeceisary 
•'Xpenies  be  defrxjed  by  theSodtty. 

Feb.  7,  1781.— Dr.lilagileii  lead  to  the  couDcil  hh  and  Mr. 
Nalrtifc's  report  r>f  the  iurrey  made  by  them  of  the  poor-house  at 
[lerkinghom,  id  Norfolk,  in  consequence  of  their  uppeintment  bf 
a  former  council.  The  said  report  w ai  ordered  to  be  read  to  the 
Sucieif  on  Thursday  (he  14th  instant.  And  the  president  wag 
requested  (o  transmit  it  immediately  afterwards  to  the  Board  of 
Ordnance  ;  and  to  desire  that  they  would  return  (he  dranin;;s  as 
lOon  U  ihey  should  hare  token  copies  of  them,  or  made  such  other 
use  of  ibein  as  tfiey  might  think  necessary. 

Repoituf  the  Committee. — Read  February  14,  1782.— To  the 
i'resideal  and  Council  of  the  Itoyal  Society.— Genlletneo,  pur- 
suant to  your  resolution,  appointing  us  a  committee  to  examine 
tbe  iloass  at  Industry,  at  lleckingham,  in  Norfolk,  which  had 
bc«n  atiuck  by  Itgbtning,  though  it  was  armed  nith  ceoductors, 
i*e  nrrircd  there  on  the  2lst  of  January.  Seren  months  had  then 
elapsed  ttnce  the  accident,  yet  we  had  the  salisfacliou  to  learn, 
(hat  no  material  changes  had  been  made  in  the  conductors  or  the 
building  in  that  period ;  some  laths  that  had  been  burnt,  some 
bricks  and  pantiles  wliich  had  b«en  damaged  or  throvru  down  were 
replaced ;  but  we  found  means  to  procure  distinct  information  of 
those  repairs  from  Ifai:  workmen  who  had  been  employed  to  eiecule 
Ihero.  In  order  to  communicate  a  cleat  idea  of  the  accident,  it 
will  be  iit«esiary  to  premise  a  general  account  of  the  building; 
then  to  represent  (he  manner  in  which  the  conductors  were  ap. 
plied ;  and,  lastly,  to  describe  the  stroke  of  lightBisg,  with  it* 
effects. 

The  general  form  of  the  building  is  that  of  the  Roman  tetter  H, 
coDiiitiag  of  a  centre  range  and  two  flanks.  It  stands  on  a  gentle 
rising,  which  can  by  ao  meaus  be  termed  a  hill,  with  its  front 
frndag  S,  tr>  W.  To  the  western  side  of  (he  west  flank,  and  east* 
«ro  aitle  of  the  east  flank,  tome  lower  tMiildinga  are  annexed, 
aerving  as  oflices  of  different  kinds  ;  and  there  are  two  courts,  one 
b^ot»  ud  tlie  other  behind  the  house,  with  some  imntl  gardeos 
i9 
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and  yards  on  each  of  tlie  flanks,  in  all  of  which  stood  Tartoio 
detac)i«d  offices. 

A  very  minate  description  is  then  giren  of  all  the  parts  of  the 
boiliiing  of  (he  poor-house,  with  various  low  detached  and  attach. 
ed  ofhces,  as  lean-tos,  stables,  yards,  privies,  pig-houses,  &c.  ftcw 
the  whole  illustrated  by  drawings  of  plans  and  eleTatioos  in  six 
engraved  plates,  which  may  well  be  spared  on  this  occasion. 

To  all  the  eight  chimnies  of  the  building  they  found  iron  rods 
affixed,  reaching  between  four  and  fire  feet  above  the  top  of  the 
chimney,  pointed  at  the  upper  end,  and  tapering  about  ten  inches 
to  that  point.  Each  rod  or  bar  was  nearly  square,  measuring,  on 
a  mean,  about  half  an  inch  one  way,  and  i^  of  an  inch  the  other, 
with  the  angle's  just  rounded  off.  These  conductors  were  conti. 
nued  down  the  building  by  a  succession  of  similar  bars  of  iron|  ia 
general  from  six  to  eight  feet  long,  joined  to  each  other  by  two 
hooks  and  nuts  ;  that  is,  the  corresponding  ends  of  each  bar  beii| 
formed  into  a  hook  bent  at  right  angles,  the  hook  of  tlie  upper- 
most went  into  a  hole  of  the  lowermost,  where  it  was  fastHued 
with  a  nut,  and  the  hook  of  the  lowermost  went  into  a  similar  hole 
of  the  bar  abore,  where  it  was  fixed  in  the  same  manner;  tiw 
length  of  each  of  these  joints,  from  nut  to  nut,  was  about  two 
inches.  Though  there  were  eight  of  these  conductors  reachiag 
above  the  chimnies,  yet  they  had  only  four  terminations  below. 
For  the  conductors  to  the  two.  chimnies,  called  D  and  E,  beiag 
continued  toward  each  other  along  the  roof,  united  in  the  valley 
OTer  the  lead  gutter  there,  and  from  that  point  only  one  condvc* 
tor  was  continued  down  the  valley  toward  the  ground.  In  like 
manner  the  two  conductors  from  the  chimnies  A  and  C  united  in 
the  valley  of  the  roof  between  them,  and  were  carried  down  to. 
ward  the  ground  as  a  single  rod.  All  the  three  conductors  from 
the  chimnies  F,  G,  and  II,  successively  joined  together,  and  only 
a  single  rod  was  continued  from  them  down  the  lower  part  of  the 
building.  I^astly,  the  conductor  from  the  chimney  B  went  down 
all  the  way,  without  having  formed  a  junction  with  any  other. 

The  conductors,  in  their  passage  down  the  building,  being  tins 
reduced  to  four,  the  gentlemen  next  show  their  four  termlnatioH; 
which  it  hence  appears  were  far  from  being  so  proper  or  fit  as  thqr 
#ugbt  to  have  been,  being  carried  but  a  few  inches  below  te  lar. 
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face  of  the  ground,  and  dry ;  instead  of  being  continued  to  map/ 
feet  io  depth,  and  ending  in  water,  or  very  moist  earth,  as  it 
generally  directed  in  such  cases,  to  render  the  conductors  sale  and 
effectual.  The  gentlemen,  after  a  minute  and  careful  eiamioatioa 
and  measurement  of  all  the  parts  of  the  building,  git e  a  Tery  clear 
and  ample  description  of  them,  in  their  report  to  the  Society  ;  but 
which  may  well  be  omitted,  being  particulars  of  werj  little  consa. 
qoence,  and  the  case  itself  unim{)ortant.  One  hip  of  the  extreme 
corner  of  the  building,  at  the  greatest  distance  from  the  conduc- 
tors,  was  struck  and  set  on  fire,  by  a  Tery  loud  eiplosion  of 
lightning ;  but  the  fire  was  quickly  extinguished,  and  little  or  no 
damage  was  sustained.  The  gentlemen  then  conclude  their  report 
as  follows: 

Such  are  the  facts  we  were  able  to  collect  from  an  assiduous 
examination  of  the  poor.house,  at  Heckingham,  and  of  those 
witnesses  in  the  neighbourhood  who  knew  any  thing  of  the  acci* 
dent.  We  have  stated  the  appearances  as  they  presented  thenu 
selres  to  us,  with  all  the  minuteness  that  could  be  preserved  with. 
out  too  mudi  crowding  the  narratlTe,  and  independently  of  any 
opinfoos.  Whether  the  earth  or  the  clouds  were  positire  at  the 
time ;  whether  the  top  or  bottom  of  the  hip  was  first  affected  by 
the  stroke ;  whether  a|l  the  lightning  took  its  course  through  the 
Up,  or  part  went  that  way,  and  part  through  the  conductors;  and 
kow  hw  the  conductors  were  properly  constructed,  or  adequately 
terminated,  are  questions  which  will  naturally  suggest  themselres 
to  your  consideration. 

(Signed)  C.  Blagden  and  Edward  Nairne. 

lid.  1783. 


t4,  Efftcti  of  Lightning  on  various  Ships  in  the  East  Indies. 

By  Mr.  Robert  Veicht. 

August  1st,  1750.  Lat.  1®  5(J'  N.  Malacca  bearing  about 
N.  E.  Alter  some  clear  serene  weather,  a  thunder-cloud  arose, 
ud  toon  increased  tery  fast.  The  whole  hearens  were  corered 
with  it,  and  the  fiashes  of  lightning  happened  at  times  on  different 
ddciof  the  ship,  which  had  ail  the  sails  furled,  before  it  came  upon 
her.      The  wind,   which  reached  the  ship  before  the  thunder, 

s4 
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bTOil|bt  with  it  a  tiolent  and  heairj  rein,  wliich  saflkif*ntly  soaked 
tile  ship  and  ereiy  thing  about  her.  The  ihip  was  all  this  time, 
irhich  was  in  about  half  an  hour  after  its  first  appearance  above 
the  western  horizon,  in  the  midst  of  repeated  flashes  of  lightning, 
which  were  jnst  upon  the  ship  by  her  trembling  and  shaking  on 
erery  explosion,  and  the  flash  and  clap  coming  in  the  sanw  instant, 
the  officers  and  people  were  apprehensite  of  damage  to  the  roast 
9|  A.  M.  At  this  time  a  clap  burst,  as  was  judged  by  the  re- 
port, about  midway  between  the  head  of  the  roast  an4  the  body  of 
the  ship,  or  it  might  be  higher,  and  in  descending  might  cause  that 
appearance,  and  just  over  it.  This  made  the  ship  tremble  aad 
shake  as  if  she  was  going  to  burst  in  pieces,  and  great  pieces  and 
splinters  of  the  mast  fell  ou  different  places  of  the  ship;  but  it 
was  BO  very  dark  we  could  not  see  from  which  of  the  masts  thej 
were  forced.  Immediately  after  this  first  came  a  seoosidy  whidi 
burst  just  above,  and  on  the  quarter.deck  of  the  ship,  which  by 
the  report  was  as  great,  and  being  close  on  the  deck  was  rooft 

•      - 

terrifying  than  the  former. 

At  day-light  we  found  that  the  foremast  and  miscnmaat  hid 
escaped,  and  the  mainmast  had  suffered  as  follows:  All  tlieaaiB 
top  gallant.mast,  from  the  rigging  at  the  top  of  it,  to  the  cap  at 
the  head  of  the  main  top. mast,  was  entirely  carried  awtqr^  part 
falling  overboard,  and  part  into  the  ship  in  different  places.  The 
main  topmast  had  great  pieces  carried  from  it,  from  tiie  bmcs 
down  t6  the  cap,  at  the  head  of  the  mainmast,  so  that  it  could  bat 
just  stand,  being  hardly  strong  enough  to  bear  its  own  weight,  and 
that  of  its  rigging.  The  mainmast  being  composed  of  three  pieces, 
towards  the  top  of  it,  those  of  the  sides  being  of  oak,  called  the 
cheeks,  were  not  hurt ;  but  the  middlemost  part,  being  of  fir,  was 
shivered  in  several  places,  and  pieces  were  carried  out  of  it  six  or 
seven  inches  in  diameter,  and  from  ten  to  twelve  feet  loii|^,  and 
this  in  a  circular  descending  manner,  from  the  parrel  of  the  main, 
yard  down  to  the  upper  deck  of  the  ship,  the  pieces  being  taken 
out  crooked,  or  circular,  or  straight,  according  as  the  groin  of 
the  wood  ran. 

No  part  of  the  top-gallantmast,  or  topmast,  that  was  coTeied 
with  the  lamp-black,  was  touched  with  the  thunder,  the  gra^ 
^rt  only  being  carried  away.  The  head  of  the  topygallantmaat, 
from  the  rigging  upwards  to  the  spindle,  was  entire^  as  was  also 
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iU  ktd,  lor  die  l^btmn^  did  not  toodi  the  heel,  bnt  aijMd  the 
whole  both  of  top.f«llaBtiiiast  aod  topmast,  that  lay  betweeo  the 
cap  and  opper  end  of  the  grea<j  part  of  the  mast.  Of  the  top. 
mast  great  pieces  were  carried  oot,  of  many  feet  in  length,  and 
nine  or  ten  inches  in  thickness,  and  this  on  diiTerent  sides  of  the 
mast,  for  the  whole  length  of  the  greasy  part.  From  the  top  of 
the  mainmast  to  the  npper  end  of  that  which  b  covered  with  tur- 
pentine, thf  re  was  no  damage ;  bnt  thence  downwards,  the  cheeks 
were  started  off  from  the  middle  paut,  and  pieces  taken  out  wind. 
tug  aslant  down  the  mast,  and  out  of  the  fir  part  many  feet  in 
length,  and  six  and  seven  inches  deep,  and  near  the  npper  deck  a 
piece  as  latge  as  the  body  of  a  man,  and  eleven  or  twelve  feet  in 
length* 

Neither  the  yards  nor  any  part  of  the  rigging  were  hurt ;  for 
though  the  middle  part  of  the  top-gallantmast,  which  was  eighteen 
feet  long,  and  nine  inches  in  diameter,  was  entirely  burst  to 
piecot,  and  carried  away  ^yet  the  rigging,  which  surrounded  the 
npper  part  was  neither  burnt,  scorched,  nor  broken.  Neither 
did  it  tondi  the  caps  on  the  roast  heads,  nor  the  top,  or  round  the 
ledMdfaig  on  tfie  mast,  which  in  this  ship  was  eighteen  feet  broad; 
and  these,  as  well  as  the  yards,  were  covered  with  tar  and  lamp 
bkck,  and  made  of  three  inch  deal. 

At  die  thne  of  the  first  clap  there  might  be  more  than  sixty  men 
npoQ  deck,  and  some  of  them  very  near  the  mast  at  the  very  time 
of  the  dap.  Some  of  these  were  stunned  and  beaten  down  ;  and 
in  their  arms,  where  they  thought  themselves  hurt,  they  had  a 
nnmbness,  which  continued  some  time,  but  npt  any  of  them  other. 
wise  hurt.  Luckily  before  the  second  the  men  who  were  on  the 
qmrter.deck,  in  number  about  twenty,  had  time  to  retire  under 
fbn  awning,  which  is  a  projection  of  the  deck  of  the  cabin,  to 
dielter  from  the  sun  or  rain ;  so  all  escaped  unhurt,  though  suffi. 
ciently  frighted.  And  indeed  the  second  flash  was  most  terrible, 
at  it  was  an  explosion  like  a  great  number  of  balls,  which  went  off 
afler  each  other,  cracking  like  shells,  which  continued  for  the 
•pace  of  half  a  minute ;  and  from  which  there  was  no  retiring,  as 
the  door  of  the  cabin  was  shut ;  and  they  might  have  set  the  ship 
•n  fire,  but  for  the  great  rain  which  had  fallen  immediately  before 

Aml6  1746,  a  Dnteh  ship,  lying  in  the  road  of  Batavm,  havfaig 
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taken  letTe  of  the  goTernor,  was  ready  to  depart  fbr  BangaL 
The  afternoon  was  calm,  and  towards  evening  they  had  loosed 
their  sails,  and  lay  ready  to  take  op  their  anchor  on  the  comiof 
off  of  the  wind  from  the  land,  which  is  common  erery  night.  A 
Mack  clood  was  gathering  orer  the  hills,  and  the  wind  brooght  it 
towards  the  ship :  by  the  time  the  cloud  and  the  wind  reached  tha 
ship,  a  clap  of  thunder  burst  from  it,  just  over  the  ship,  and  set 
fire  to  the  main.topsail,  which  being  very  dry,  burnt  with  great 
fury;  and  this  set  6  re  to  the  rigging  and  mast.  They  immediately 
attempted  to  cut  away  the  mast^  but  were  hindered  by  the  ftdling 
of  the  rigging,  which  was  burnt,  from  the  head  of  the  mast.  By 
degrees  the  fire  communicated  to  the  other  masts,  and  obliged  the 
people  to  desert  the  ship  ;  and  afterwards  it  took  hold  of  the  body 
of  the  ship,  and  burning;  down  to  the  powder,  the  upper  part  of 
the  hull  blew  up,  and  the  bottom  part  suuk  in  the  place  where  the 
was  at  anchor. 

Anno  1741,  Bencoolen  road,  on  th^  S.  W.  side  of  the  island  ef 

Sumatra,   lat.  4^  (/  south.     There  lay  here  two  ships,  one  an 

European,  the  other  a  country  trading  ship,  both  belonging  to  Om 

East  India  Company.     Here,  as  well  as  in  the  straight  of  Malacca, 

you  have  periodical  winds,  which  blow  for  six  months  of  the  year 

from  the  same  quarter  of  the  horizon,  and  the  other  six  months 

from  the  opposite  quarter ;  and  it  is  observable,  that  these  chander 

showers  and  squalls  of  wind  usually  come  contrary  to  tliese  stated 

winds,  which  are  calmed  during  the  thunder,  but  return  to  their 

constant  quarter  as  soon  as  the  thunder  and  rain  are  past.     Id  the 

above  year  1741,  in  June,  the  weather  was  very  hot  and  tvitry, 

and  the  constant  wind  but  very  faint.     The  wind  came  after  this 

from  the  land,  and  almost  opposite  to  the  usual  point  a  very  fiunt 

air ;  and  the  thunder  was  frequent  and  close  to  the  ships,  which 

lay  near  each  other,  but  the  fog  and  rain  prevented  their  seeing 

each  other ;  they  often  trembled  and  shook  by  the  ezplosioii  of  the 

thunder.     One  of  these  claps  burst  on  the  country  ship,  wliich  by 

this  time  had  her  topmasts  struck ;   that  is,  lowered  down  along 

the  lower  masts.     This  clap  carried  away  and  burst  to  pieces  aU 

the  part  of  the  lower  mast  from  where  the  yard  is  carried  aloft  to 

within  sia  or  seven  feet  of  the  upper  deck.     The  matt  was  wooldcd 

with  ropes  of  2|  size  in  different  places,  which  were  burst  asunder 

at  every  turn  of  it ;  and  the  mas)  all  shivered  into  small  splinters, 
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and  Bostif  carried  orerboard.  Here  also  the  maiomut  was  made 
of  fir,  and  the  part  which  was  split  and  shivered  to  pieces,  was 
the  part  nsnallj  coated  with  turpentine,  mixed  as  before  said  with 
tallow  or  oil :  and  the  main  topmast,  which  was  made  of  a  wood 
of  the  conntrjr  called  teak,  and  is  of  a  texture  like  oak,  bnt 
stronger,  was  untouched,  notwithstanding  it  lay  parallel  and  touch« 
ed  the  mast  for  the  whole  length  of  the  part  carried  away. 

[«•  1764. 

15.  Effects  of  Lightning  on  a  Hulk  at  Plymouth, 

By  John  Haxhaai,  M.  D. 

SujfDAT,  December  15,  1754,  twenty. fi?e  minutes  after  one 
P.  M.  a  vast  body  of  lightning  fell  on  the  great  hulk  at  Plymouth, 
dock,  which  serffS  to  hoist  in  and  fix  the  masts  of  the  men  of 
war.  It  burst  out  about  a  mile  or  two  to  the  westi^ard  of  the 
bulk,  and  rushed  with  incredible  velocity  towards  it.  The  piece 
of  the  Derrick  cut  out  was  at  Ifast  eighteen  inches  diameter,  and 
about  fifteen  or  sixteen  feet  long :  this  particular  piece  was  in  three 
or  four  places  begirt  with  iron  hoops,  about  two  inches  broad,  and 
half  an  inch  thick,  which  were  completely  cut  in  two  by  the 
lightnhig,  as  if  done  by  the  nicest  hand  and  instrument.  The 
lightning  was  immediately  succeeded  by  a  dreadful  peal  of  thunder, 
and  that  by  the  most  violent  shower  of  hail,  which  fell  only  in  and 
aboQt  this  town,  for  a  mile  or  two ;  there  was  Tery  little  of  it  at 
the  dock,  though  only  two  miles  distant.  The  hail  stones  were  as 
large  as  small  nutmegs,  all  very  nearly  of  the  same  size  and  shape. 
Tliey  measured,  immediately  after  they  fell,  near  two  inches 
found.  lid.  1755. 

10.  nunder^clapy  with  an  extraordinary  Jire^baU^  hunting 

at  $ea. 

By  Mr.  Chalmen. 

Not.  4,  1740,  in  the  latitude  of  49(^48',  longitude  0^3',  the 
Lizard  then  bore  N.  41^  5^  about  the  distance  of  569  miles,  as  Mr. 
C.  was  taking  an  observation  on  the  quarter.deck,  about  ten  mi. 
antes  before  19  o'clock,  one  of  the  quarte^.masters  desired  he 
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wouM  look  to  wmdward,  wkich  he  did^  «nd  obseri cd  a  larjo  ball 
of  blae  fire  rolling  oo  the  mirUce  of  the  water,  at  about  throe 
miles  distance  from  them.  It  came  down  upon  them  so  lut^  that 
before  they  could  raise  the  maia  tack,  they  observed  the  ball  to 
rise  almost  perpendicular,  and  not  abor e  forty  or  fifty  yards  from 
the  main  chains :  it  went  off  with  an  explosion  as  if  hundreds  of 
cannon  had  been  fired  at  once ;  and  left  so  great  a  smell  of  brim«. 
stooe,  that  the  ship  seemed  to  be  nothin/^  but  sulphur.  After  the 
noise  was  over,  which  did  not  last  longer  than  half  a  second,  they 
found  the  matn.topmast  shattered  into  above  a  hundred  pieces,  and 
the  mainmast  rent  quite  down  to  the  heel.  There  were  some  of 
the  spikes,  that  nailed  the  fish  of  the  mainmast,  drawn  with  such 
force  out  of  the  mast,  that  they  stuck  in  the  main  deck  so  last, 
that  the  carpenter  was  obliged  to  take  an  iron  crow  to  get  them 
out :  five  men  were  knocked  down,  and  one  of  them  greatly 
burnt,  by  the  explosion*  They  thought  that  when  the  ball,  whidi 
appeared  to  be  of  the  sise  of  a  large  millstone,  rose,  it  took  tht 
middle  of  the  main -topmast,  as  the  head  of  the  mast  abo<vo  the 
bounds  was  not  splintered.  The  ball  came  down  from  the  N.  & 
and  went  to  the  S.W.  [/if.  17K). 

17.  Singular  effect  of  thunder  and  lightning  on  teOmCampatsti. 

In  a  letter  from  Dsblin. 

Mr.  Haward,  a  very  creditable  person,  tells  me,  that  beii^ 
once  master  of  a  ship  in  a  yoyage  to  Barbadoes,  in  company  with 
another  commanded  by  one  Grafton,  of  New.England,  in  the 
latitude  of  Bermudas,  they  were  suddenly  alarmed  with  a  terrihie 
clap  of  thunder,  which  broke  Mr.  Grafton's  foremast,  tore  Us 
sails,  and  damaged  his  rigging.  But  that  after  the  noise  and  cob. 
fusion  were  past,  Mr.  Haward,  to  whom  the  thunder  had  been 
more  favourable,  was  however  no  less  suiprised  to  see  his  com- 
panion's ship  steer  directly  homeward  again.  At  first  he  thought 
that  they  had  mistaken  their  course,  and  (hat  they  would  soon 
perceiTe  their  error ;  but  seeing  them  persist  in  it,  and  being  by 
this  time  almost  out  of  call,  he  tacked  and  stood  after  themi  and 
as  soon  as  he  got  near  enough  to  be  well  understood,  asked  wbeie 
they  were  going ;  but  by  their  answer,  which  imported  Chut  they 
bad  no  other  design  than  the  prosecution  of  their  formor  intended 
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tajMgff  ftnd  bf  tte  sequel  of  liieir  discoqrse,  it  tt  last  appeared 
diat  Mr.  Grafton  did  faideed  steer  by  the  riglii  point  of  his  coo. 
pass,  Imt  that  the  card  was  tamed  roond,  the  north  and  south 
points  hating  changed  positions ;  and  though  with  his  finger  he 
brought  the  flenr-de-ljrs  to  point  directly  north,  it  would  immedi* 
ateiy,  as  soon  as  at  Kbertf ,  retnm  to  this  new  nnotnai  posture  ; 
and,  on  eiamination,  he  fonnd  erery  compass  in  the  ship  altered 
in  the  same  manner ;  which  strange  and  sudden  accident  he  could 
impute  to  nothing  else  but  tlie  operation  of  the  lightning  or  thun. 
der  just  mentioned.  He  adds,  diat  those  compasses  nerer,  to  hh 
knowledge,  recovered  their  right  positions  again. 

lid.  1676. 

18.  Amiktr  instance  of  the  above^  tcith  greater  damage  to 

the  VeiseL 

By  DipUuD  JohD  Waddle. 

Om  January  9, 1748*9,  the  new  ship  Dorer,  l)ound  from  New 
Torlt  to  London,  being  then  in  latitude  47^  3C/  north,  and  longi. 
Code  23^  ly  west,  from  London,  met  with  a  very  hard  storm  of 
wind,  attended  with  thunder  and  lightning,  as  usual,  most  part  of 
the  evening,  and  sundry  very  laige  comazants,  as  they  are  called, 
overhead,  some  of  which  settled  on  the  spindles  of  the  top-mast 
heads,  which  burnt  like  ?ery  large  torches  ;  and  at  9  p.  m.  a  sin. 
yjtt  loud  clap  of  thunder  with  lightning  struck  the  ship  in  a  f  iolent 
manner,  which  disabled  Captain  W.  and  great  part  of  the  ship's 
company  in  the  eyes  and  limbs  ;  it  struck  the  mainmast  about  ^  up 
almost  half  through,  and  store  the  upper  deck,  one  cariiog,  and 
Qukk-work ;  part  of  which  lightning  got  in  between  decks,  start. 
ed  off  tiie  bulk.head,  drore  down  all  the  cabins  on  one  side  of  the 
steerage,  stove  the  lower  deck,  and  one  of  the  lower  deck  main 
lodging-knees.  Another  part  of  it  went  through  the  starboard 
side,  without  any  hurt  to  the  ceiling,  or  inside  plank  ;  and  started 
offftrom  the  timbers  four  outside  planks,  being  the  wale  upwards  ; 
one  of  which  planks,  being  the  second  from  the  wale,  was  broke 
qnite  asunder,  and  let  in :  in  about  ten  or  fifteen  minutes  time 
Bine  feet  water  in  the  ship. 

It  also  took  the  virtue  of  the  loadstone  from  all  the  compasses, 
btibg  four  in  number,  all  in  good  order  before,  one  in  a  brass  and 
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three  ia  wooden  boxes.  The  hanging  compast  in  the  cabin  wai 
not  quite  to  much  disabled  as  the  rest ;  thej  were  at  first  Teij 
near  rerersed,  the  north  to  the  south  ;  and  after  a  little  while  ram. 
bled  about  so  at  to  be  of  no  service.  The  storm  lasted  fire  dajrt ; 
they  lost  the  mainmast  and  roizenmast,  and  almost  all  the  taila;  and 
arrif  ed  at  Cowes  the  2  Its  of  January  in  a  Tery  shattered  condition. 

IPha.  Trans.  1740. 

10.  Examination  of  the  preceding  Mariner* t  Compass;  and 
the  Explanation  of  the  Cause  of  its  reversed  polarity. 

Bj  Gowin  Rulgbt,  M.S.  F.R,8. 

On  examining  the  compass  struck  with  lightning,  it  appeared  thai 
the  outward  case  was  joined  together  with  pieces  of  iron  wire,  sIxp 
teen  of  which  were  found  in  the  sides  of  the  box,  and  ten  in  fhe 
bottom.  Mr.  K.  applied  a  small  needle  to  each  of  these  wireS| 
and  immediately  perceived  that  the  lightning  had  made  them  strong* 
ly  magnetical ;  particularly  those  that  joined  the  sides*  All  the 
beads  oi  the  wires  on  one  side  of  the  box  attracted  the  north  poiot 
of  the  needle  and  repelled  the  south ;  while  all  the  heads  on  fhe 
other  side  attracted  the  south  and  repelled  the  north ;  the  wires  at 
the  bottom  attracted  the  south  and  repelled  the  north;  but  it  is  not 
certain  whether  this  polarity  was  anywise  owing  to  the  lightning; 
since  It  might  be  acquired  by  their  continuing  long  in  an  erect 
position. 

On  examining  the  card,  he  found  the  needle  wai  rigorous  enoogb 
in  performing  its  vibrations,  but  that  its  polarity  was  tnrerted  ;  the 
north  point  turning  contrary  to  the  south.  He  then  tried  to  take 
out  the  card,  to  examine  the  state  and  structure  of  the  needle : 
but  the  junctures,  every  where  were  well  secured  with  putty,  be» 
come  so  hard,  that  he  was  obliged  to  use  some  violence,  and  at 
last  broke  the  glass.  The  needle  consisted  of  two  pieces  of  steel 
wire,  each  bent  in  the  middle,  so  as  to  make  an  obtuse  angle  ;  and 
the  ends  of  these  wires  applied  together,  forming  an  acute  ooe, 
the  whole  appearing  in  the  shape  of  a  lozenge ;  in  the  centre  of 
which  was  placed  a  brass  cap  on  which  the  card  turned.  And  so 
fir  was  it  from  b^ing  randc  with  any  tolerable  degree  of  exactness, 
that  there  was  not  the  least  care  taken  either  to  bend  the  wires  in 
the  middle,  or  to  6x  the  cap  exactly  in  the  centre  of  .the  loxenge* 
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The  pin  on  which  it  turnefl,  was  made  of  a  slip  of  plate  brass, 
sharpened  to  a  point. 

Besides  the  particalars already  coromanicated  to  the  Society,  the 
Oiptain  informed  him,  that  he  was  obliged  to  sail  above  300  leagues, 
after  this  accident  happened,  without  a  compass,  till  he  arrived  at 
Cowes  in  the  Isle  of  Wight ;  where  being  provided  with  one,  he 
placed  it  in  thobinacle,  but  was  much  surprised  to  find  that  it  va. 
ried  from  the  direction  it  stood  at  vih^n  out  of  the  binacle  nearly 
two  points.  He  removed  the  binacle  to  different  parts  of  the  deck^ 
but  fonnd  that  it  always  made  the  needle  to  vary  after  the  same 
manntr  when  placed  in  it.  He  repeated  the  same  experiment  lately 
jo  the  river,  with  the  like  success  ;  only  that  he  observed,  that  the 
Tariatioo  of  the  needle,  when  placed  in  the  binacle,  was  rather  less 
than  at  first,.  It  was  natural  to  inquire  if  there  was  any  iron  about 
the  binacle  ;  but  the  Captain  said  be  had  given  strict  charge  to  the 
maker  not  to  put  so  much  as  a  single  nail  in  it ;  and  that  he  firmly 
believed  that  there  was  not  the  least  bit  of  iron  about  it. 

Being  willing  to  be  satisfied  of  the  truth  of  a  circumstance  so 
▼ery  extraordinary,  the  captain  was  desired  to  send  the  binacle  to  a 
house  In  the  city  ;  where,  in  company  with  the  Captain,  Mr.  Elli« 
.cot,  and  another  gentleman,  Mr.  K.  tried  it  with  a  large  compass 
touched  by  his  bars ;  but  finding  no  sensible  variation,  they  at  that 
time  desisted,  thinking  the  fact  quite  improbable  ;  but  having  dis- 
covered the  effect  which  the  lightning  had  produced  on  the  wires 
which  futened  the  sides  of  the  compass  box,  he  was  induced  to  ex. 
amine  the  binacle  a  second  time  ;  which  he  did  with  a  small  com* 
pass,  and  with  great  care,  in  every  part ;  and  at  last,  about  the 
middle  of  the  binacle,  he  found  it  to  vary  very  sensibly,  but  could 
not  discover  any  nails  or  iron  thereabouts  ;  till  turning  it  up  to  ex* 
amine  the  bottom,  he  there  found  three  or  four  large  nails,  or  rather 
•pikes,  driven  through  it  to  fasten  the  upright  partitions  in  the  mid- 
dle of  the  binacle. 

It  would  not  be  difficult  to  explain  why  any  needles,  under  such 
circnmstances,  should  be  rendered  useless  by  lightning,  though 
the  needles  themselves  had  remained  unhurt.  So  many  iron  wires 
made  strongly  magneticai  would  doubtless  have  effected  it ;  and 
three  or  four  large  nails  in  the  binacle,  if  made  magneticai,  would 
alone  have  been  sufficient  to  have  done  it.  But  it  has  always  been 
noticed  that  the  polarity  of  the  needle  was  inverted  by  this  acci. 
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deot ;  and  he  farther  obsertes,  that  aU  needles  constructed  after 
this  manner  are  liable  to  be  rendered  useless,  not  onlj  by  the 
lightning's  destroying  their  Tirtue,  bat  also  by  its  placing  it  in  a 
particular  direction  ;   ex.  gr*  if  the  lightning  strack  the  needle  in 
the  direction  of  either  of  the  two  parallel  sides  of  the  Insenge,  it 
mast  strike  the  other  two  sides  Tery  obliquely ;  by  which  the  first  ^ 
two  sides  may  hare  their  polarity  destroyed,  and  a  T«ry  strong  one 
given  them  in  the  contrary  direction  ;  whUe  that  of  the  other  sidesy 
if  it  he  inverted,  will  be  very  weak;  but  it  is  probable  that  the 
virtue  would  bo  placed  obliquely  in  the  direction  of  the  stroke ;  in 
either  case,  these  two  sides  can  contribute  but  very  little,  if  any 
thing,  in  directing  the  card  ;  and  if  the  first  two  sides  only  be  cu 
pable  of  acting  on  it,  it  will  point  in  the  direction  of  tliose  sides, 
which  will  produce  a  variation  of  about  four  points. 

It  may  further  be  observed  that  a  needle  would  not  oontinne 
long  in  th'is  state,  but  would  every  day  grow  more  regular ;  becanse 
if  the  virtue  be  placed  obliquely,  it  generally  turns  itself  in  the  di- 
rection of  any  piece  of  steel  that  is  long  and  slender  ;  and  tliat  ouy 
be  the  reason  why  this  card  is  now  became  regular,  except  that  i( 
is  inverted. 

The  wires  that  join  the  box  seem  weaker  than  when  first  exa« 
mined  ;  which  makes  it  very  probable  that  they  might  be  vastly 
stronger  when  first  struck  with  the  lightning ;  and  the  same  may 
be  likewise  true,  in  regard  to  the  nails  in  the  binacle;  which  any 
account  for  the  experiments  not  answering  exactly  the  same  ai 
at  first* 

From  what  has  been  said  it  appears,  that  this  form  of  needles  it 
very  improper,  and  ought  to  be  t;hanged  for  that  of  one  straight 
piece  of  steel ;  and  then  if  a  needle  ihould  be  inverted,  it  might 
still  be  used.  It  also  shews  the  absurdity  of  permitting  iron  of  any 
kind  about  the  compass.box,  or  (he  binacle.  Whoever  consideif 
the  whole  description  here  given  of  this  compass,  will  esteem  it  a 
most  despicable  instrument ;  how  then  must  any  one  i>e  shocked  to 
hear,  that  almost  all  the  compasses,  made  use  of  by  our  trading 
vesseb  are  of  the  same  sort!  the  boxes  all  joined  with  iron  wire, 
and  the  same  degree  of  inaccuracy  observed  throughout  the  whale  I 
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SiBCTION  V. 


Death  of  Profeaor  Richmmn  6y  Lightningp  wUh  ObitrvaiiaM 

on  ike  same. 


t* 


1 .  Bstrict  of  a  Letter  from  John  Lining,  KM),  of  Cliarlestown,  Soatii  Caro- 
lina, to  Charles  Pinkney,  Eaq.  London,  with  his  Answer  to  se?eral  Queries 
sent  to  him  concerning  his  Bxperiment  of  Electricity  with  a  Kite  •.  Dated 
Charlestown,  January  14,  1754. 

Inclosbd  are  answers  to  the  qneries  sent  me  cooceming  the 
experiment  with  the  Icite*  Since  malting  that  experiment  last  May, 
I  hare  not  had  an  opportunity  of  making  any  more,  haying  been 
confined  all  the  summer  and  antamn  with  the  gout,  which  perhaps 
prevented  my  meeting  with  the  same  unhappy  fate  with  Professor 
Richman  of  Petersburg.  It  appears  that  the  professor  had  a  wire, 
which  came  down  from  the  iron  rod,  erected  on  his  house,  through 
the  gallery.ceiiing,  to  an  iron  bar,  which  stood  in  a  glass  Tessel, 
filled  with  water  and  filings  of  brass ;  and  that  the  professor  stood 
so  near  that  iron  rod,  that  his  face  was  within  a  foot  of  it.  Now 
if  there  was  no  wire  that  went  from  that  iron  rod,  or  from  any  part 
of  the  wire  above  it,  into  the  earth,  it  is  no  great  wonder  that  the 
professor  was  killed*  I  should  be  extremely  glad  to  be  informed, 
whether  the  iron  rod  on  his  house^  at  the  time  the  experiment  was 
made,  had  any  communication,  by  means  of  metal,  with  the  earth. 
For  if  it  had,  there  is  then  more  danger  attending  these  experi* 
ments  than  I  imagined*  It  is  likewise  said  in  the  account,  that 
from  the  electrical  needle,  which  be  observed,  there  was  no  danger, 
I  am  at  a  loss  to  know  what  that  electrical  needle  was,  and  should 
be  glad  to  be  inforoied.  I  know  that  a  magnetic  needle  placed  on 
a  sharp  point  on  the  prime  conductor,  as  soon  as  the  conductor  is 
sufficiently  electrified,  will  move  round  with  so  great  rapidity,  that 
in  the  dark  the  electricity,  thrown  oflf  from  both  poles  of  the 
needle,  will  appear  like  a  circle  of  fire. 

Jnswen  of  Dr.  Lining  to  the  Queries  sent  to  him. 
Query  1.  In  what  manner,  and  of  what  materials,  was  your 


•  Sec  on  Dr.  Franklin*!  electrical  iiite,  sec.  ii.  of  this  chapter. 
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kite,  tnd  the  string  by  which  you  flew  it,  made  ?  ud  to  what 
height  did  it  rise  above  the  earth  ? 

An$wer.  The  kite,  which  I  used,  was  made  in  the  common  way ; 
only,  instead  of  paper,  1  covered  it  with  a  silk,  called  alamode. 
The  line  was  a  common  small  hempen  one  of  three  strands*  A 
tilk  line,  except  it  had  been  kept  continually  wet,  would  not  coo. 
duct  the  electricity  ;  and  a  wire,  besides  other  inconTenieBciei, 
would  have  been  too  heavy.  I  had  not  any  instmment  to  take 
the  height  of  the  kite ;  but  believe  it  was  at  least  250  feet  h%h. 
It  was  flown  in  the  day.time. 

Query  %, — You  say  also,  <^  All  the  electrical  fluid,  or  light, 
ning,  was  drawn  from  the  cloud,  and  dbcharged  in  the  air ;  and  a 
greater  degree  of  serenity  succeeded,  and  no  more  of  tiie  awfnl 
noise  of  thunder,  before  expected,  was  heard."  Now  I  should  be 
glad  you  would  inform  us,  whether  the  serenity  In  the  air  was 
such,  as  generally  follows,  after  the  clouds  in  the  summer  tender. 
storms  have  dbcharged  several  loud  thunder-claps  ;  and  wketter 
any 'flashes  of  lightning  appeared  in  the  skies,  after  yon  had  dis- 
charged the  cloud  of  its  lightning  by  the  kite,  as  commonly  do 
after  a  thunder-storm  is  over  in  a  summer's  night  ?  for  if  there 
were  no  appearance  of  such  flashes,  then  I  think  your  asaertioii, 
that  all  the  electric  fluid,  or  lightning,  was  drawn  from  tiie  dood, 
stands  full  proved  ;  but  if  there  were  such  flashes  after,  I  eon* 
ceive  there  must  have  been  some  of  the  electrical  matter  left 
behind. 

Answer, — During  the  time  of  my  drawing  the  lightning  fron 
the  cloud,  and  for  some  little  time  afterward,  it  rained  ;  by  wUcb 
means,  the  body  of  the  cloud  being  diminished,  a  greater  degree  of 
serenity  necessarily  succeeded  ;  and  the  quantity  of  lightning  ex- 
tracted from  the  cloud,  or  rather  its  atmosphere,  proved  suflicieat 
to  prevent  any  thnnder  in  town  that  afternooo;  though  there  wn 
a  great  appearance  of  tiiunder  before  the  kite  waa  raiaed.  Bat 
whether  the  same  serenity  succeeded,  as  frequently  happens  after 
a  thunder-storm,  and  whether  there  were  any  flashes  of  lightaii^ 
seen  in  the  evening,  I  cannot  now  recollect.  If  such  flashes  bad  after- 
wards been  seen  in  the  skies,  as  is  common  in  a  summer's  ereniiig, 
especially  after  a  thunder-storm,  those  might  proceed  from  odier 
clouds,  which  had  passed  the  town,  at  too  great  a  distance  to  be 
acted  on  by  the  kite* 
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Electrified  clouds  hire  an  electrical  atmosphere,  at  well  as  the 
prime  condactor,  wheo  it  is  electrified ;  and  the  diameter  of  that 
atmosphere^  cieteris  paribos,  will  bear  some  proportioo  to  the  size 
of  the  cloud.  My  smallest  prime  conductor  is  2^  inches  diame* 
ter  ;  and  when  it  is  folly  charged,  its  atmosphere  extends  to  the 
distance  of  about  three  feet  from  the  surface  of  the  conductor. 
How  i^reat  then  must  the  extent  be  of  the  atmosphere,  which  sur« 
rounds  a  large  cloud  fully  electrified  ?  It  perhaps  may  extend  to 
many  hundreds  of  feet  round  the  cloud,  and  may  eren  reach  so 
low  as  to  touch  the  surface  of  the  earth :  and  when  that  is  the  case, 
a  man,  or  a  rod  of  metal,  placed  on  a  cake  of  resin  on  the  ground, 
may  be  electrified,  and  yield  sparks  of  fire.  When  a  sharp  point 
is  presented  to  that  atmosphere,  it  cannot  deprire  the  cloud  of  its 
whole  quantity  of  electricity,  except  the  sharp  point  be  so  near, 
that  the  cloud  may  eiplode  upon  it ;  and  in  tliat  case  the  cloud 
nmst  hare  a  communication  with  the  ground,  by  means  of  some 
non.electric  body.  Suppose  an  electrified  cloud  to  have  an  atmas. 
phere,  which  extends  round  it  to  the  distance  of  ninety  feet  from 
its  surface ;  and  let  thai  atmosphere  be  diYided  into  three  parts,  A , 
fi,  and  C,  each  thirty  feet  in  diameter  :  now,  if  a  sharp  metalline 
point  erected  on  a  kite,  or  otherwise,  be  placed  either  vertically 
or  horizontally  in  the  most  interior  part  of  the  atmosphere  C,  that 
point  will  continue  to  act  till  a  quantity  of  the  lightning  is  drawn 
o^  equal  to  the  quantity  contained  In  that  atmosphere,  and  no 
longer.  For  then  the  semidiaroeter  of  the  atmosphere  being  re- 
daced  to  60  feet,  every  part  of  it  is  above,  and  not  in  contact  with 
the  sharpifpoint,  and  consequently  beyond  its  sphere  of  action. 
Bat  let  the  sharp  point  be  then  advanced  into  the  atmosphere  B,  and 
it  will  act  as  before,  kc. 

The  truth  of  thb,  however  contradictory  it  may  be,  to  the  ge. 
neral  opinion  of  the  action  of  sharp  points,  in  drawing  oflf  the  elec 
tricity  or  lightning*,  may  be  illustrated  by  the  following  experU 
nents  on  the  prime  conductor.  Electrify  the  prime  conductor  in 
a  dark  room,  and  draw  back  the  globe  to  a  sufficient  distance 
from  the  prime-conductor,  to  prevent  its  being  supplied  with  any 
more  electricity  from  the  globe,   while  yon  are  taking  off  the  elec- 


•  Mr.  Fraoklio  nys»  speaking  of  iharppolots,  **  At  whatever  diitaoce  you 
the  light,  you  may  draw  off  the  electrical  fire,"  pageSL^Orig. 
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(rical  atmolpbere  with  a  sharp  point.  Bring  then  a  sharp  point, 
either  yertically  or  horizontally,  or  in  any  other  direction,  within 
two  feet  of  the  prime  conductor  ;  and  tlie  point,  for  some  tine, 
will  appear  luminous.  After  that  light  disappears  adrmnce  the 
point  three  or  four  inches  nearer  to  the  conductor,  and  yon  will 
obserre  the  same  phenomena  as  before;  and  by  adrancing  tlie  point 
gradually  in  this  manner,  as  the  light  on  it  disappears,  the  point 
will  be  alternately  luminous  and  dark,  till  you  haye  taken  off  tiie 
whole  atmosphere  in  different  laminas.  As  the  point  appears  mora 
and  more  luminous,  the  nearer  that  it  approaches  the  prlme*C0B« 
ductor,  the  electrical  atmosphere  may  haye  different  degrees  of 
density,  being  perhaps  denser  near  the  prime-conductor,  and  rar. 
er  at  a  greater  distance  from  it.  If  a  phial  be  charged  on  the 
prime^KSonductor,  when  this  experiment  is  made,  the  light  on  tlit 
sharp  point  will  be  much  greater,  and  continue  longer. 

Query  3. — Did  you  make  any  trial  at  what  distance  yon  could 
kill  an  animal,  with  a  discharge  of  the  electrical  fluid  from  the  key 
or  the  bottle  suspended  to  it  ? 

Answer. — T  hare  not  hitherto  had  an  opportunity  of  mridng 
any  such  experiment  with  the  kite.  But  as  to  the  first,  I  appie* 
hend^  that  no  animal  could  be  killed  by  the  discharge  of  any 
quantity  of  electricity  accumulated  on  the  key ;  as  the  key  In  tliat 
experiment  answers  the  same  end  as  the  prime-condactor  ;  and, 
like  it,  is  capable  of  receiving  only  a  certain  charge  of  electricity, 
except  the  lightning  flows  down  the  line  too  fast,  or  the  kite  be 
so  near  the  cloud  that  it  may  explode,  when  one  standing  on  ther 
ground  approaches  the  key  to  draw  sparks  from  it :  but'  svdi  aa 
explosion  would  probably  be  fatal  to  the  operator.  When  a  pldil 
is  suspended  to  the  key,  after  it  has  receiyed  its  charge,  if  yon  kt 
it  continue  hanging  on  the  key,  the  surcharge  will  fly  off  from  tte 
hook  of  the  phial,  and  the  phial,  when  charged  in  that  mann^ry 
will  not  gif  e  a  greater  shock  than  if  it  had  l>een  charged  in  the 
common  way  with  the  globe. 
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«.  Ammtt  In  Dr.  Linini't  Qurrj'  reUtitc  to  the  Death  of  frnfeuor  Rict 
Sjr  Mr.  WilKan  Watiop,  F.R.S. 


Dr.  Lining's  letter  of  the  14th  of  January,  1754,  being  com*-. 
iDunioted  to  Uie  RojbI  Society  by  Cliarles  PinLoey,  Enq,  <hkt< 
learned  body  referred  i(  to  Mr,  Walson,  one  of  their  mentbera,  int 
order  (hat  (he  best  infurmation,  (hat  could  be  procured  on  thift 
fubject,  should  be  tranjinitted  to  Dr.  Lining,  for  whose  corre., 
spondence  the  Society  had  for  Diaoy  years  had  a  very  particular' 
atlenttou.  Mr.  Wat»on  imagined,  that  it  would  be  agreeable  t9< 
Dr.  Lining,  as  his  abode  is  so  remote  from  Petersburgh,  whei* 
the  acriJrnt  happened,  to  have  transmitted  to  him  not  only  thft 
answer  to  what  he  maie  porticularly  requests,  but  also  as  general 
an  account  of  every  thing  relating  to  so  uncommon  an  accident,  u 
could  be  procured. 

The  description  ^of  Professor  lUchman's  apparatus,  as  sent  by 
himself  to  Professor  Heiusius  of  Leipsic,  he  called  an  electrical 
gnomon.  To  the  construction  of  this  gnomon  were  necessary  a 
rod  of  metal,  a  glass  jar,  a  Linen  thread,  of  a  foot  and  a  half  ia 
length,  to  one  end  of  which  was  fastened  half  a  grain  of  lead,  and 
a  quadrant.  A  rod  of  metal  was  placed  in  the  glass  vessel 
which  contained  filings  of  mttal.  The  linen  thread  was  fastened 
to  the  rod,  and,  when  (he  apparatus  U  no!  electrized,  hanga 
perpendicularly  down.  The  radius  of  the  quadrant,  which  waa 
divided  into  degrees,  was  two  lines  more  than  a  foot  and  % 
half  in  length.  And  here  must  be  added  an  account  of  the  othav 
pari  of  the  appar.ilus,  which  was  (o  communicate  the  electricity 
to  Ihu  gnomon  doring  a,  thunder-storm.  Through  a  glass  bollle. 
the  bottom  of  which  was  perfurafed,  passed  an  iron  rod,  which 
wai  kept  in  its  place  by  means  of  a  cork  fixed  (u  the  mouth 
of  Ibis  bottle,  through  which  cork  likewise  was  inserted  the  iron 
rod.  A  tile  was  removed  from  the  top  of  the  house  ;  and  on  this 
openiDg  was  placed  the  bottle,  supported  by  the  neighbouring  (iles, 
in  such  manner  that  one  end  of  the  iron  rod  was  not  only  four  or  fita 
feet  above  the  top  of  the  house;  but  the  other  end,  which  came 
I  llW  bottom  of  tb«  bottle,  did  no  whore  touch  4ht  tiles,  or 
24  3 
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any  other  part  of  the  house.  To  this  end  of  the  iron  rod  wu 
fastened  an  iron  chaid,  which  was  conducted  into  the  chamber  of 
Profdssor  Richman,  on  electrics  per  se,  so  as  no  where  to  touch 
the  buildiog.  The  entrance  to  this  chamber  faced  the  north  ;  and 
at  the  south  end  of  it  there  was  a  window,  near  which  stood  a 
table  four  f^et  in  height.  On  this  the  professor  placed  hb  electrical 
gnomon,  and  connected  it  with  the  chain,  which  was  brooght  mder 
the  ceiling  of  the  room  oyer  this  table,  and  communicated  with  the 
apparatus  on  the  top  of  the  house,  by  means  of  a  wire  whidi 
hung  from  the  chain,  and  was  joined  there  hj  a  little  lingi 
and  communicated  with  the  rod.  When  the  iron  rod  at  the  top 
of  the  house  was  affected  hj  the  thunder,  or  otherwise  suitable 
condition  of  the  atmosphere,  the  thread  before. mentioned  defl- 
ated from  the  perpendicular  ;  as  it  would  also  do,  if  artificiaOj 
electrized.  The  Professor  always  observed  a  greater  ascent 
of  the  thread  from  artificial  electricity  than  by  that  firoB  the 
atmosphere.  By  the  former,  he  had  seen  it  on  the  quadraii 
describe  an  angle  of  aboTe  55^,  but  never  above  30  by  the  latter. 
In  the  year  1762,  August  9,  the  apparatus  acquired  so  great  a  de- 
gree of  electricity  from  the  atmosphere,  that  from  the  end  of  ^ 
rod  the  electrical  flashes  might  be  heard  at  several  feet  distance. 
Under  these  circumstances,  if  anyone  touched  the  apparatus,  they 
felt  a  sharp  stroke  in  their  hand  and  arm. 

Professor  Richman  sometimes  added  to  this  apparatus  a  glass 
bottle  of  water,  after  the  manner  of  Professor  Muschenbrochi 
adapted  to  a  vessel  of  metal  placed  on  glass.  The  wire  fron 
the  mouth  of  the  bottle  of  water,  during  the  time  of  tlie  this* 
der.  he  caused  to  communicate  with  another  wire.  From  this 
addicion  he  found  the  electricity  from  the  atmosphere  more  vehe- 
ment than  it  was  without  it.  This  he  first  observed  on  May  31, 
1763,  when  the  electrical  fire  exploded  with  such  a  force,  that 
it  might  be  heard  at  the  distance  of  three  rooms  from  the  appara* 
tus.  On  the  left  hand  of  the  bottle  was  placed  a  second  elte* 
trical  gnomon.  When  this  was  made  use  of,  the  wire  of  the 
metal,  and  the  wire  of  the  other,  were  connected  with  a  prime 
ductor  from  an  apparatus  for  artificial  electricity,  viz.  a  glass  globSi 
&c.  At  the  same  time  also,  from  the  chain  was  fastened  a  piece 
of  wire  in  contact  with  the  vessel.  By  these  means,  wImu  the 
electrical  auichine  was  put  in  motion,  both  the  electrical  gnoBMi 
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»ere  electrified  ;  bat  this  went  off,  [n  a  grest  measure,  as  aoon  ■■ 
the  moUon  of  the  machioe  ceased.  By  this  whole  apparalas  taken 
tofeth^r,  Prof'-ssor  Richman  obierred  a  icJnd  of  reel  pro  catiao  io 
the  effectaof  elpctrtcil}';  for  at  6rtt,  wh^n  the  eteclrica!  machioa 
was  pat  in  motion,  both  the  liaen  thread;  arose  with  the  degrees 
of  their  respertire  quadrants.  If  ihc'n  tlie  wire  of  the  right 
gnomon  was  touched,  thp  right. hand  thread  coIUtised  to  the  rod; 
but  the  thread  on  the  Ivft  side  coniinued  diicrgiiig  as  befM'e  th* 
loucb,  Abo,  if  the  wirp  of  the  left  gnomon  was  touched, 
(hen  in  its  turn  (be  thread  at  the  rod  of  the  right  gnomon  col- 
lapsed, and  the  thread  of  the  ri^ht  gnomon  a.sceaded  again. 
This  reciprocation  of  the  ascending  and  de^^cendiog  of  the  threadi 
might  be  r^Mcaled  three  or  four  times  without  exciting  the  mi 

The  ingenious  and  industrious  Professor  Richman  lost  bis  life  o 
the  (Sth  of  Augntt,  1753,  as  he  was  obserring,  wiib  Mr.  Sol^oloir,  [ 
engraier  to  the  Royal  Academy  at   Pt-tcrsburgb,  the  effects  Oi  I 
•^lectridtjr  on  hii  gnomon,  during  a  thander-itorm.      As  soon  H   f 
his  death  was  poblicly  known,  it  was  imai^ined  that  the  lightning  I 
was  more  particolarly  directed  into  his  room  by  the  means  of  hit 
befure-meniioned  apparatus.     And  when  this  affair  wu  more  iiu 
quired  into,  this  opinion  appearc^d  to  he  not  ill.founded  ;  for  Mr. 
hokolow  saw  that  a  globe  of  blue  fire,  as  large  as  his  fist,  jumped    : 
from  the   rod  of    the   right    gnomon,  towards    the    forehtad  of  ', 
Profesior  Bichnian,  who  at  that  instant  was  at  about  a  foot  dU*  ' 
tUic«from  the  rod,   obseri-ing  the  electrical  index.     This  globe  of -1 
fire,  which  strnck  Professor  Kichman,  was  attended  with  a  repoit -J 
ai  loud  B»  that  of  a  pistol.     The  nearest  metal  wire  was  broken  11 
pieces,  and  its  fragments  thrown  on  Mr.  Sokoiow's  clothes,  from 
their  heat,  burnt  marks  of  their  dimensions  on  them.     Half  of  I)m 
glass  vessel   was  broken  otT,  and  the  lilingi  of  metal  in  it  weM 
thrown  tbout  tlie  room.     Hence  it  is  plain,  that  the  force  of  t 
lightning    was    collected  on  the    right   rod,   which    touched  tb«  1 
filings  of  metal  in  the  glass  tessel.     On  e«amining  the  effects  (rf  | 
lightning  in  the  Professor's  chamber,  they  found  the  door.ca 
■plit  hftif  through,  and  the  door  torn  oft,  and  thrown  into  th»    j 
chamber.      The  lightning  tlierefore  seems  to  liaie  continued  its 
course  along  the  chain,  conducted  uiiiler  the  ceiling  of  the  rot 
but  thai  it  CUM  from  the  apparatus  at  the  top  of  the  houie  to  tb*  | 
Sa4 
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door,  and  then  into  the  chtmber,  does  not,  as  far  as  can  be  recoU 
lected,  appear. 

If  indeed  it  could  be  ascertdned,  that  the  lightning,  whidi  wu 
the  death  of  Professor  Richman,  was  collected  on  the  apparatus, 
for  this  reason,  because  these  bodies,  at  the  instant  of  the  li^t. 
ning,  were  capable  of  attracting  aqd  retaining  the  electricity,  it 
would  then  be  in  our  power  sometimes  to  diyert  the  effects  of 
lightning.  But  of  this  fact,  more  time  and  longer  experience  pmt 
acquaint  us  with  the  truth. 

Hence  Mr.  Pinkney  may  acquaint  Dr.  Lining,  that  in  Mr. 
Watson's  opinion,  at  the  time  Professor  Richman  was  killed, 
apparatus  was  perfectly  insulated,  and  had  no  commniMcation 
the  earth,  by  the  means  of  metallic  or  other  substai^c^  Mdilj 
conducting  electricity,  and  that  the  great  quantity  of  elactricitj, 
with  which,  from  the  vastness  of  the  cause,  the  apparatni  wu 
replete,  discharging  itself  through  the  Professor's  body,  being  the 
nearest  non.e1ectrtc  substance  in  contact  with  the  floor,  and  was 
unfortunately  the  cause  of  his  death.  This,  it  is  prefmnody  woild 
not  have  happened,  had  the  chain,  or  any  other  part  of  the  appa. 
ratus,  touched  the  floor,  by  which  the  electricity  woold  luiva  beoi 
readily  communicated  to  the  earth. 

Since  the  reading  of  the  abofe  to  the  Royal  Society,  m  trcaliK 
in  Latin,  intitled,  Oratio  de  Meteoris  yi  Electrica  Ortia,  by  Mr. 
Lomonosow,  of  the  Royal  Academy  of  Sciences  at  Petersbvg, 
has  been  transmitted  to  the  Society.  By  this,  among  many  other 
curious  facts,  we  hare  been  informed  of  certain  particnlars  in  re. 
gard  to  the  death  of  Professor  Richman  ;  of  which  the  fbllowiig 
may  not  be  improper  to  be  inserted  here. 

Mr.  Lomonosow  obserres,  that  with  regard  to  the  sndden  death 
of  the  gentleman  before.mentioned,  the  accounts,  commnnicaled 
to  the  public,  contained  some  circumstances  not  fairly  stated,  and 
others  of  some  importance  were  entirely  omitted.  With  r^ard  to 
th#  first,  it  is  incontestably  true,  that  the  window,  in  the  room 
where  Professor  Richman  was,  had  continued  shut,  that  the 
wind  might  have  no  effect  on  his  electrometer ;  but  that  the 
window  in  the  next  room  was  open,  and  the  door  between 
these  two  rooms,  was  half  open  ;  so  that  the  draught  of  air  night 
justly  be  suspected  to  have  followed  the  direction  of  the  iron  con- 
ductor of  the  Ph>fessor*s   apparatus;    that  hu  conductor  cane 
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from  the  top  of  the  house,  and  was  continaed  as  far  as  necessary  • 
Secondly.  That  his  conductor  was  not  placed  far  from  that  door, 
case,  part  of  which  was  torn  off.  Thirdly.  That  at  this  time  no 
use  was  made  of  the  Ley  den  bottle,  mentioned  in  the  preceding 
account ;  but  the  iron  was  inserted  into  a  glass  stand,  to  prevent 
the  dissipation  of  the  electrical  power,  and  that  the  gnomon  should 
s1m>w  its  real  strength. 

With  regard  to  the  second,  there  has  as  yet  been  no  mention, 
that  Professor  Richman,  at  the  time  of  his  death,  had  seventy 
mbles  (a  silrer  coin)  in  his  left  coat. pocket,  which  by  this  acci. 
dent  weie  not  in  the  least  altered.  Secondly.  That  his  clock, 
wktch  stood  in  the  corner  of  the  next  room,  between  the  open 
window  and  the  door,  was  stopped;  and  that  the  ashes  from 
tho  hearth  were  thrown  about  the  room.  Thirdly.  That  many 
persons  without  doors  declared  their  haTing  actually  seen  the  light, 
ning  slioot  from  the  cloud  to  the  Professor's  apparatus  at  the  top 
of  his  1io«aa»  In  the  Phil.  Trans,  is  given  a  view  of  the  chamber, 
where  the  Professor  was  struck  by  the  lightning :  who  stood 
with  his  head  projecting  towards  his  electrometer  ;  near  stood  Mr. 
Sokolow  the  engraver ;  from  the  door  a  piece  was  torn  off,  and 
carried  forward  ;  part  of  the  door-case  was  also  rent. 

In  this  treatise  Mr.  Lomonosow,  among  other  phaenomena  of 

electricity,  takes  notice,  that  he  once  saw,  in  a  storm  of  thunder 

mod  lightning,  brushes  of  electrical  fire,  with  a  hissing  noise,  com- 

Mimlcate  between  the  iron  rod  of  his  apparatus  and  the  side  of  his 

window ;  and  that  these  were  three  feet  in  length,  and  a  foot  in 

breadth.     Effects  like  these  no  one  but  himself  has  had  the  oppor. 

tanity  of  observing. 

[P*i7.  Trans.  1764. 
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CHAP.  XLIV. 


ON  MAGNETISM. 


SECTION   I. 

General  Remarks  on  the  Theory  and  P^rts  of  Mmgn^tum. 

1  HE  theory  of  magnetism  bears  a  very  strong  resenblaoce  to  tint 
of  electricity,  and  it  must  therefore  be  placed  near  it  in  a  sjrstem  of 
nataral  philosophy.  We  hare  seen  the  electric  fluid  WMt  only 
exerting  attractions  and  repulsions,  and  causing  a  peariiar  distri- 
button  of  neighbouring  portions  of  a  fluid  similar  to  itself,  but 
also  eicited  in  one  body,  and  transferred  to  another,  in  such  a 
manner  as  to  be  perceptible  to  the  senses,  or  at  least  to  came  Sio^ 
sible  effects,  in  its  passdfge.  The  attraction  and  repulsion,  andtht 
peculiar  distribution  of  the  neighbouring  fluid,  are  fouod  in  tht 
phenomena  of  magnetism  ;  but  we  do  not  perceive  that  there  ii 
efer  any  actual  excitation,  or  any  perceptible  transfer  of  the  maf> 
netic  fluid  from  one  body  to  another  distinct  body  ;  and  it  has  also 
this  striking  peculiarity,  that  metallic  iron  is  very  nearlj,  if  not 
absolutely,  the  only  substance  capable  of  exhibiting  any  indicalioas 
of  its  presence  or  activity. 

For  explaining  the  phenomena  of  magnetism,  we  suppose  the 
particles  of  a  peculiar  fluid  to  repel  each  other,  and  to  attract  the 
particles  of  metallic  iron  with  equal  forces,  diminishing  as  the  square 
of  the  distance  increases  ?  and  the  particles  of  such  iron  must  also 
be  imagined  to  repel  each  other,  in  a  similar  manner.  Iron  and 
steel,  when  soft,  are  conductors  of  the  magnetic  fluid,  and  beoomt 
less  and  less  pervious  to  it  as  their  hardness  increases.  The  ground 
work  of  this  theory  is  due  to  Mr.  Aepinus,  but  the  forces  have 
been  more  particularly  investigated  by  Coulomb  and  others. 
There  are  the  same  objections  to  these  hypotheses  as  to  those  which 
constitute  the  theory  of  electricity,  if  considered  as  original  and 
fundamental  properties  of  matter :  and  it  is  additionally  difficult 


OM    MACNKTISM. 


363 


(o  imigine,  wbj  iruD,  and  iroQ  only,   whether  apparently  magne- 
tic or  not,  should  repel  similar  particles  oriron  with  a  peculiar 
farce,  which  happens  to  be  pre<^ly  a  balance  la  the  attraction  of. 
the  magnetic  fluid  for  iron.      This  is  obiiously  improbable  ;  but  ib%  I 
hypotheses  art  still  of  great  utility  i[i  assisting  us  to  gctieraliz 
to  retain  in  memory,  a  number  of  particular  facis  which  woulA  1 
otherwise  be  insulated.     The  doctrint^  of  the  ctrcnlation  of  streanM 
of  themagnetic  fluid  has  been  justly  and  unirersally  abandoned,  i 
tome  other  theories,  much  more  ingenious  and  more  probable,  fo^ 
instance  that  of  Mr.  PrcTost,  appears  to  be  loo  complicated,  and   ' 
too  little  supported  by  facts,  to  require  much  of  ouraltention. 

The  diitinclion  between  conductors  and  non-conductors  is,  i 
respect  to  the  electric  fluid,  irregular  and  intricate  ;  but  in  mag. 
nelbm,  theaoftnessor  hardness  of  the  iron  or  steel  constitutes  tli»  i 
only  diflerence.  Heat,  as  softening  iron,  must  consequently  reiu  ] 
fler  it  a  conductor  i  even  the  heat  of  boiling  water  affects  i 
certain  degree,  although  it  can  scarcely  be  supposed  to  alter  iM^  I 
temper;  but  the  effect  of  a  moderate  heat  is  not  so  considerable  it 
magnetiim  as  in  electricity.  A  itrong  degree  of  heat  appean/l 
from  the  experiments  of  Gilbert,  and  of  Mr.  Caiatlo,  to  destrojF  ' 
completely  ail  magnetic  action. 

It  is  perfectly  certain  that  magnetic  affects  are  produced  hy^  \ 
quantities  of  iron  incapable  of  being  detected  either  by  their  weight  ] 
or  by  any  chemical  tests.  Mr.  Carallo  found  that  a  few  parficlM 
of  steel,  adhering  to  a  hone,  on  which  the  point  of  a  needle  was 
slightly  rubbed,  imparted  to  it  magnetic  properties ;  and  Mr.  Cou. 
lomh  has  observed  that  there  are  scarcely  any  bodies  in  nature 
which  do  uol  exhibit  some  marks  of  being  subjected  to  the  influence 
of  magnetism,  although  its  force  is  always  proportional  to  ihequan. 
lily  of  iron  which  they  contain,  as  far  asthat  quantity  can  be  a;cer< 
tained  ;  a  single  grain  being  sufficient  to  make  20  pounds  of  ano- 
ther metal  sensibly  magnetic.  A  combination  with  n  large  pro- 
portion of  oiygen  deprires  iron  of  the  whole  or  the  greater  part 
of  its  magnetic  properties  i  flnery  cinder  is  still  considerably  mag. 
iietic,  but  the  more  perfect  oiids  and  the  salts  of  iron  only  in  a 
slight  degree ;  it  is  also  said  that  antimony  renders  iron  incapable 
of  being  attracted  by  the  magnet.  Nickel,  when  freed  from  arse- 
nic and  from  cobalt,  is  decidedly  magnetic,  and  the  more  so  at  it 
coDtMM  Um  iroo.    Some  of  the  older  chcmiiU  supposed  nicktl  t« 
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be  a  compoaod  metal  containing  iron,  and  we  may  still  Tentore 
to  assume  this  opinion  as  a  magnetical  hjpotliesis.  There  is  io. 
deed  no  way  of  demonstrating  that  it  is  impossible  for  two  sah. 
stances  to  be  so  united  as  to  be  incapable  of  separation  by  the  art 
of  the  chemist ;  had  nickel  been  as  dense  as  platina,  or  as  l^ht  ai 
cork,  we  could  not  hare  supposed  that  it  contained  any  consider, 
able  quantity  of  iron,  but  in  fact  the  specific  gravity  of  these  sse. 
tals  is  Tery  nearly  the  same,  and  nickel  is  nerer  foand  in  nature 
but  in  the  neighbourhood  of  iron  ;  we  may  therefore  suspect,  with 
some  reason,  that  the  hypothesis  of  th<>  ezbtence  of  iron  in  nickel 
may  be  eyen  chemically  true.  The  aurora  borealis  is  certainly  in 
some  measure  a  magnetical  phenomenon,  and  if  iron  were  the  only 
substance  capable  of  exhibiting  magnetic  effects,  it  would  folknr 
that  some  ferruginous  particles  must  exist  in  the  upper  regions  of 
the  atmosphere.  The  light  usually  attending  this  magnedeal  meteor 
may  possibly  be  derived  from  electricity,  which  may  be  the  imme. 
diate  cause  of  a  change  of  the  distribution  of  the  magnettc  flaidy 
contained  in  the  ferruginous  yapours,  that  are  imagined  to  float  n 
the  air. 

We  are  still  less  capable  of  distinguishing  with  certainty  Id 
magnetism,  than  in  electricity,  a  positiye  from  a  negatiye  state,  or 
a  real  redundancy  of  the  fluid  from  a  deficiency.  The  north  pole  of 
a  magnet  may  be  considered  as  the  part  in  which  the  magoetic  irid 
is  either  redundant  or  deficient,  provided  that  the  south  pole  be 
understood  in  a  contrary  sense :  thus,  if  the  north  pole  of  a  magaet 
be  supposed  to  be  positircly  charged,  the  south  pole  most  be  Ima- 
gined to  be  negatife  ;  and  in  hard  iron  or  steel  these  poles  may  be 
considered  as  unchangeable. 

A  north  pole,  therefore,  alivays  repels  a  north  pole,  and  attracts 
a  south  pole.  And  in  a  neutral  piece  of  soft  iron,  near  to  the 
north  pole  of  a  magnet,  the  fluid  becomes  so  distributed  by  indoc 
tioli,  as  to  form  a  temporary  south  pole  next  to  the  magnet,  and 
the  whole  piece  is  of  course  attracted,  from  the  greater  proximity 
of  the  attracting  pole.  If  the  bar  is  solleiently  soft,  and  not  too 
long,  the  remoter  end  becomes  a  north  pole,  and  the  whole  bar  a 
perfect  temporary  magnet  But  when  the  bar  is  of  haid  steel,  the 
state  of  induction  is  imperfect,  from  the  resistance  opposed  to  the 
motion  of  the  fluid ;  hence  the  attraction  is  less  powerful,  and  aa 
opposite  pole  is  formed,  at  a  certain  distance,  within  the  bar ;  and 

beyond 
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beyond  Uiu  auother  pole,  similar  to  <he  Grsl ;  the  aJlernalion 
bcinf  lODietiroes  rt-pcated  more  than  onire.  The  distribution  of 
ihe  fluid  williin  (lie  magntt  is  also  afTecfeil  by  Ihe  Deighbourhood 
of  ■  pwce  of  ia{l  iron,  ihtt  aarlh  pole  bocoming  Q)ore  powerrul  bv 
the  vicinity  of  Ihe  nt-w  south  pole,  and  the  south  pole  being  conse* 
qupDtly  strengthened  in  a  certain  decree  ;  so  that  the  atttactire 
power  of  the  whole  magnet  h  increased  by  the  proximity  of  the 
iron.  A  weak  magnet  is  capable  of  receiring  a  temporary  indue* 
tion  of  a  contrary  magnetism  from  the  action  of  a  more  powerful 
one,  its  north  pole  becoming  a  south  pole  on  the  approach  of  a 
ttronger  north  pole;  but  the  original  south  pole  still  retains  its 
•itualion  at  the  opposite  end,  and  restores  the  magnet  nearly  to  it! 
original  condition,  after  the  removal  of  the  disturbing  cause. 

The  polarity  of  magnets,  or  their  ditiposilion  to  assume  a  certain 
direction,  is  of  still  greater  importance  than  their  attractive  power. 
If  a  small  magnet,  or  simply  a  soft  wire,  be  poised  on  a  centre,  it 
will  arrange  itself  in  such  a  direction,  as  will  produce  an  eqoilL 
brium  of  the  attractions  and  repulsions  of  the  poles  of  a  larger 
inagiiet ;  being  a  tangent  to  a  certain  oval  Ggure,  passing  through 
those  poles,  of  which  the  properties  have  been  calculated  by  la. 
rious  mathematicians.  This  polarity  may  easily  be  imitated  by 
ctectricity  ;  a  suspended  wire  being  brought  near  (o  the  ends  of  a 
positiie  and  negaliTC  conductor,  which  are  placed  parallel  to  each 
•Iber,  as  in  Nairne's  electrical  machine,  its  position  is  perfectly  , 
similar  to  thai  of  a  needle  attracted  by  a  magnet,  of  which  thoM 
coadactoTS  represent  the  poles. 

The  same  effect  is  observable  in  iron  61iogs  placed  near  a  mag. 
net,  and  they  adhere  to  each  other  in  curved  lines,  by  virtue  of 
their  induced  magnetism,  Ihe  north  pole  of  each  particle  being 
attached  to  the  south  pole  of  the  particle  next  It.  This  arrange, 
inent  may  be  seen  by  placing  the  filings  either  on  clean  mercu 
vr  on  any  surface  that  can  be  agitated  ;  and  it  may  be  imitated  by 
strewing  powder  on  a  plate  of  glass,  supported  by  two  balls^ 
which  are  contrarily  eleclriSed. 

The  polarity  of  a  needle  may  often  be  obiierved  when  it  exhibits  ^ 
no  sensible  attraction  or  repulsion  as  a  whole  ;  and  this  may  easily   1 
be  understood  by  considering  that  when  one  end  of  the  needle  it 
repelled  from  a  given  point,  and  the  other  is  attracted  towards  it,  , 
*c  two  forces,  if  wntal,  will  tend  to  tarn  It  round  Hs  centre,  but  ' 

wiU 
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will  wholly  destroy  each  other's  elTects  with  respect  to  any  progifi- 
siye  motion  of  the  whole  needle.  Thus,  when  the  end  of  m  magnet 
is  placed  under  a  surface  on  which  iron  filings  are  spread,  and  th« 
surface  is  shaken,  so  as  to  leaye  the  particles  for  a  moment  in  the 
air,  they  are  not  drawn  sensibly  towards  the  magnet,  bat  their 
ends,  which  are  nearest  to  the  point  oyer  the  magnet,  are  taraed 
a  little  downwards,  so  that  they  strike  the  paper  further  and  far. 
ther  from  the  magnet,  and  then  fall  outwards,  as  if  they  were 
repelled  by  it. 

The  magnets,  which  we  hare  hitherto  considered,  are  sucli  as 
hare  a  simple  and  well  determined  form  ;  but  the  great  compoond 
magnet,  which  directs  the  mariner's  compass,  and  which  appetn 
to  con<sist  principally  of  the  metallic  and  slightly  oxidated  iroo, 
contained  in  the  internal  parts  of  the  earth,  is  probably  of  a  far 
more  intricate  structure,  and  we  can  only  judge  of  iti  natore  from 
the  yarious  phenomena  derived  from  its  influence. 

The  accumulation  and  the  deficiency  of  the  magnetic  fluid,  wbich 
determine  the  place  of  the  poles  of  this  magnet,  are  probably  in 
fact  considerably  diffused,  but  they  may  generally  be  Imagined, 
without  much  error  in  the  result,  to  centre  in  two  points,  one  of 
them  nearer  to  the  north  pole  of  the  earth,  the  other  to  tlie  soatk 
pole.  In  consequence  of  their  attractions  and  repulsions,  a  needle 
whether  previously  magnetic  or  not,  assumes  always,  if  freelj 
poised,  the  direction  necessary  for  its  equilibrium ;  which,  in 
various  parts  of  the  globe,  is  yariously  inclined  to  the  roeridlao  sad 
to  the  horizon.  Hence  arises  the  use  of  the  compass  in  naTigatioB 
and  in  surveying  :  a  needle,  which  is  poised  with  a  liberty  of  hori- 
zontal motion,  assuming  the  direction  of  the  magnetic  merldlani 
which  for  a  certain  time  remains  almost  invariable  for  the  stue 
place ;  and  a  similar  property  is  also  observable  in  the  dipping 
needle,  which  is  moveable  only  in  a  vertical  plane ;  for  when  this 
plane  is  placed  in  the  magnetic  meridian,  the  needle  acquirM  as 
inclination  to  the  horizon,  which  varies  according  to  the  sitnatioB 
of  the  place  with  respect  to  the  magnetic  poles. 

The  natural  polarity  of  the  needle  may  be  in  some  measare 
illustrated  by  inclosing  an  artificial  magnet  in  a  globe  ;  tlie  direc- 
tion of  a  small  needle,  suspended  over  any  part  of  ita  anrfrce, 
being  determined  by  the  position  of  the  poles  of  the  magoct,  ia 
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if  tW  ixtef«c»  of  »&f9«ttsai 
»(^V  u  plicied  TNT  T««ir^ 
tooaeof  dwpoksflf  ikramficUsftrDct;  or«  oa  tkc  otWr  btwL 
whea  tke  dippag  ac«dle  is  aB^Amvtd  to  t^  sttckbovriMod  of 
tOMe  itntB  of  fcirogiawwn  sibittBMK.  viadi^  m  puticalar  ptrts 
of  tlie  cartk,  iainftii  wiii  liiVy  o^itk  1^  vM»re  geaen!  ci«cu« 
aad  altar  tke  AvctiDa  of  dw  H^aKic  Bmiiu. 

A  bar  of  loft  iroa.  pUccd  ia  ^e  Rtaadoa  of  dw  dippiag  Bf«<dleY 
acqaim  6aa  tW  tank,  by  iadacdoa.  a  tMaporarr  state  of  aMg« 
netinBt  ahkk  maj  be  iciwied  at  pkasaie  br  rrreisiag  its  direc. 
tioo  ;  bat  bais  of  hoa,  abicb  bsve  rraMincd  loog  ia  or  acar  tbis 
directiaa,  anaa^  a  peraaaeat  poiaritT  ;  for  iroa,  even  wben  it 
bas  beea  at  int  qnte  soft,  becoaies  in  time  a  little  barder.  A 
oataral  aafaet  b  aot  moie  tbaa  a  beary  iroa  ore.  wbicb,  in  tbe 
coarse  of  ages,  bas  acqaired  a  stroag  polaritj  fiOB  tbe  great 
prtmitife  aaifMii  It  mast  bare  lain  ia  some  degree  detached^ 
and  mast  possess  bot  little  condacting  power,  ia  order  to  bare 
received  and  to  letua  its  magnetism. 

Wa  caaaot,  from  aaj  assomcd  sitnation  of  two  or  more  m«f. 
netic  poks,  calcalate  tbe  tme  positioo  of  the  needle  for  all  places ; 
and  area  in  tbe  same  place,  its  direction  is  observed  to  cbange  in~ 
tbe  ooaisa  of  years,  according  to  a  law  which  has  never  yet  been 
generally  determined,  althongh  the  variation  which  has  been  ob» 
ianred,  at  any  one  place,  since  the  discovery  of  the  compass, 
may  perhaps  be  comprehended  in  some  very  intricate  expressions ; 
bat  tbe  less  dependence  can  be  placed  00  any  calculations  of  this 
klad,  as  ti^re  u  reason  to  think  that  the  change  depends  rather 
OB  chemical  than  on  physical  causes.  Dr.  Halley  Indeed  conjee* 
tared  tibat  tbe  eardi  contained  a  nucleus,  or  separate  sphere,  re. 
vol  vlog  freely  within  it,  or  rather  floating  in  a  fluid  contained  in  tbe 
Intermediate  space,  and  causing  the  variation  of  the  magnetic 
meridian ;  and  others  have  attributed  the  effect  to  the  motions  of 
the  celestial  bodies:  but  in  either  case  the  changes  produced 
would  have  been  much  more  regular  and  unirersal  than  those 
which  have  been  actually  observed.  Temporary  changes  of  the 
terrestrial  magnetism  have  certainly  been  sometfaaei  occasioned  by 


366  ON    HAOH£TISM. 

other  causes ;  soch  cmases  are,  therefore  most  likel/  to  be  coa« 
cerned  in  the  more  permanent  effects.  Thus,  the  emptioa  ef 
Mount  ffecla  was  found  to  derange  the  position  of  the  needle 
considerably  ;  the  aurora  borealis  has  been  obserred  to  caoae  its 
north  pole  to  mofe  6  or  7  degrees  to  the  westward  of  ita  nsaal 
position ;  and  a  still  more  remarkable  change  occurs  contiBaally 
in  the  diurnal  variation.  In  these  climates  the  north  pole  of  dw 
needle  moves  slowly  westwards  from  about  eight  in  the  momiag 
till  two,  and  in  the  evening  returns  again ;  a  change  which  las 
with  great  probability  been  attributed  to  the  temporarj  elevatioa 
of  the  temperature  of  the  earth,  eastwards  of  the  place  of  ob. 
servafion,  where  the  sun*s  action  takes  place  at  an  earlier  how 
in  the  morning,  and  to  the  diminution  of  the  magnetic  attradiM 
in  consequence  of  the  heat  thus  communicated*  In  winter  thb 
Tartation  amounts  to  about  seven  minutes,  in  summer  to  thirtasa 
or  fourteen. 

Important  as  the  use  of  the  compass  is  at  present  to  naTigftiiMs 
it  would  be  still  more  valuable  if  its  declination  from  the  tiie 
meridian  were  constant  for  the  same  place,  or  even  if  it  vaiiad 
according  to  any  discoverable  law ;  since  it  would  afford  a  ready 
mode  of  determining  the  longitude  of  a  place  by  a  compaiiHNi  a( 
an  astronomical  observation  of  its  latitude  with  anotlwr  of  the 
magnitude  of  the  declination.  And  in  some  cases  it  may  evea 
now  be  applied  to  this  purpose,  where  we  have  a  coUectioaaf 
late  and  numerous  observations.  Such  observations  have  froa 
time  to  time  been  arranged  in  charts,  furnbhed  with  lines  hrfU 
eating  the  magnitude  of  the  declination  or  variation  at  the  places 
through  which  they  pass,  beginning  from  the  line  of  no  variatiaa, 
and  proceeding  on  the  opposite  sides  of  this  line  to  show  the 
magnitude  of  the  variation  east  or  west.  It  is  obvious  that  the 
intersection  of  a  given  parallel  of  latitude,  with  the  line  dbowing 
the  magnitude  of  the  variation,  will  indicate  the  precise  situatioa 
of  the  place  at  which  the  observations  have  been  made. 

The  line  of  no  variation  passed  in  1657  through  London,  aad 
in  1606  through  Paris:  its  northern  extremity  appears  to  hate 
moved  continually  eastwards,  and  its  southern  parts  westwards^ 
and  it  now  passes  through  the  middle  of  Asia.  The  opposite  poru 
tion  seems  to  have  moved  more  uniformly  westwards;  it  now  raas 
from  North  America  to  the  middle  of  the  South  AUantic    Oa 
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the  EaropeaD  side  of  these  lioes,  the  declination  is  wetterlj ;  00 
the  Sooth  American  side,  it  is  easterlj.  The  yariation  in  Londoa 
has  been  for  several  years  a  Utile  more  than  24^  In  the  West 
Indies  it  changes  bat  slowly ;  for  instance  it  was  5^  near  the  island 
of  Barbadoesy  from  1700  to  1766. 

The  dip  of  the  north  pole  of  the  needle  in  the  neighbourhood 
of  London  is  72^.  Hence  the  lower  end  of  a  bar  standing  up. 
right,  an  a  poker,  or  a  lamp  iron,  becomes  always  a  north  pole, 
and  the  temporary  sonth  pule  of  a  piece  of  soft  iron  being  upper, 
most,  it  is  somewhat  more  strongly  attracted  by  the  north  pole  of 
a  magnet  placed  oTer  it,  than  by  its  south  pole;  the  distribution 
of  the  fluid  in  the  magnet  itself  being  also  a  little  more  fafourable 
to  the  attraction,  while  lis  north  pole  is  downwards.  It  is  obfious 
chat  the  magnetism  of  the  northern  magnetic  pole  of  the  earth 
most  resemble  that  of  the  south  pole  of  a  magnet,  since  it  attracts 
the  north  pole;  so  that  if  we  considered  the  nature  of  the  distri. 
bution  of  the  fluid  rather  than  its  situation  in  the  earth,  we  should 
call  it  a  sonth  pole.  Although  it  is  impossible  to  find  any  places 
for  two,  or  even  fur  a  greater  number  of  magnetic  poles,  which 
will  correctly  explain  the  direction  of  the  needle  in  every  part  of 
the  earth's  surface,  yet  the  dip  may  be  determined  with  tolerable 
accuracy,  from  the  supposition  of  a  small  magnet  placed  at  the 
ceotre  of  the  earthy  and  directed  towards  a  point  in  Baffin's  Bay, 
aboat  75^  north  latitude,  and  70^  longitude  west  of  London ;  and 
the  variation  of  the  dip  is  so  inconsiderable,  that  a  very  slow 
change  of  the  position  of  this  supposed  magnet  would  probably  be 
BolBcleat  to  produce  it ;  but  the  operation  of  such  a  magnet,  ac- 
cording to  the  general  laws  of  the  forces  concerned,  could  not 
possibly  account  for  the  v«ry  irregular  disposition  of  the  curves 
indicating  the  degree  of  variation  or  declination ;  a  general  idea 
of  these  might  perhaps  be  obtained  from  the  supposition  of  two 
magnetic  poles  situated  in  a  line  considerably  distant  from  the 
centre  of  the  earth  |  but  this  hypothesis  is  by  no  means  sufiiciently 
accarate  to  allow  us  to  place  any  dependence  on  it 

The  art  of  making  magnets  consists  in  a  proper  application  of 
the  attractions  and  repulsions  of  the  magnetic  fluid,  by  means  of 
the  different  kinds  of  iron  and  steel,  to  the  production  and  pre- 
servation of  such  a  distribution  of  the  fluid  in  a  magnet,  as  is  the 
bast  ittad  to  tha  exhibition  of  its  peculiar  properties. 

VOL.  IV.  9  B 
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We  may  bef^o  with  any  bar  of  iron  that  has  long  stood  in  a 
vertical  position ;  bnt  it  is  more  common  to  employ  an  artificial 
magnet  of  greater  strength.  When  one  pole  of  such  a  magnet 
touches  the  end  of  a  bar  of  hard  iron  or  steel,  that  end  assumes  ia 
some  degree  the  opposite  character^  and  the  opposite  end  the  sane 
character :  but  in  drawing  the  pole  along  the  bar,  the  first  end  be. 
comes  neutral,  and  afterwards  has  the  opposite  polarity;  wUle 
the  second  end  has  its  force  at  first  a  little  increased,  then  becomes 
neutral,  and  afterwards  is  opposite  to  what  it  first  was.  Wltn 
the  operation  is  repeated,  the  effect  is  at  first  in  some  measure 
destroyed,  and  it  is  difficult  to  understand  why  the  repetition  adds 
materially  to  the  inequality  of  the  distribution  of  the  fluid;  but 
the  fact  is  certain,  and  the  strength  of  the  new  magnet  is  for  iooie 
time  increased  at  each  stroke,  until  it  has  acquired  all  that  it  is 
capable  of  receiying.  Several  magnets,  made  in  this  manner,  may 
be  placed  side  by  side,  and  each  of  them  being  nearly  eqnal  ia 
strength  to  (he  first,  the  whole  collection  will  produce  together  a 
much  stronger  effect ;  and  in  this  manner  we  may  obtain  from  a 
weak  magnet  others  continually  stronger,  until  we  arrive  at  tbe 
greatest  degree  of  polarity  of  which  the  metal  is  capable*  It  if, 
bowerer,  more  usual  to  employ  the  process  called  the  dooUe 
touch :  placing  two  magnets^  with  their  opposite  poles  near  to 
each  other,  or  the  opposite  polos  of  a  single  magnet,  bent  into 
the  form  of  a  horseshoe,  in  contact  with  tbe  middle  of  the  bar: 
the  opposite  actions  of  these  two  poles  then  conspire  in  their  efi^rt 
to  displace  the  magnetic  fluid,  and  the  magnets  having  been  drawa 
backwards  and  forwards  repeatedly,  an  equal  number  of  times  to 
and  from  each  end  of  the  bar,  with  n  considerable  pressure,  tbej 
are  at  last  withdrawn  in  the  middle,  in  order  to  keep  the  poles  at 
equal  distances. 

Iron  filings,  or  the  scoris  from  a  smith's  forge,  when  finely 
levigated,  and  formed  into  a  paste  with  linseed  oil,  are  also  capable 
of  being  made  collectively  magnetic.  A  bar  of  steely  placed  red 
hot  between  two  magnets,  and  suddenly  quenched  by  cold  water, 
becomes  in  some  degree  magnetic,  but  not  so  powerfuHy  as  it  may 
be  rendered  by  other  means.  For  presenring  magnets^  it  ia  usaal 
to  place  their  poles  in  contact  with  the  opposite  poles  of  other 
magnets,  or  with  pieces  of  soft  iron,  which,  in  consequence  of 
their  own  induced  magnetism,  tend  to  fa? our  the  accumalatios  of 
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the  oiiignetic  power  in  a  greater  quantity  than  tbe  metal  can  retain 
aftfT  they  are  rcmofed.  Hence  the  ancients  Imagined  that  the 
ma^nt't  M  on  iron. 

A  siuj^le  magnet  may  be  made  of  two  bars  of  sfeel,  with  their 
ends  pressed  into  close  contact ;  and  it  might  be  expected  that 
when  these  bars  are  separated,  or  when  a  common  magnet  has 
been  divided  in  the  middle,  the  portions  should  possess  the  pro- 
perties of  the  respective  poles  only.  But  in  fact  the  ends  which 
haw  been  in  contact  are  found  to  acquire  the  propeities  of  the 
poles  opposite  to  those  of  (heir  respective  pieces,  and  a  certain 
point  in  each  piece  is  neutral,  which  is  at  first  nearer  to  the  newly 
formed  pole  than  to  the  other  end,  but  is  removed  by  degrees  to 
a  more  central  situation.  In  this  case  we  must  suppo<:e,  ron. 
trarily  to  the  general  principles  of  the  theory,  that  the  magnetic 
lluid  has  actually  escaped  by  degrees  from  one  of  the  pieces,  and 
has  been  received  from  the  atmosphere  by  the  other. 

There  is  no  reason  to  imagine  any  immediate  connexion  be* 
tween  magnetism  and  electricity,  except  that  electricity  affects  the 
conducting  powers  of  iron  or  steel  for  magnetism,  in  the  same 
manner  as  heat  or  agitation.  In  some  cases  a  blow,  an  increase 
of  temperature,  or  a  shock  of  electricity,  may  expedite  a  little 
the  acquisition  of  polarity ;  but  more  commoni)  any  one  of  these 
caaaes  impairs  the  magnetic  power.  Profe.-sor  Uobison  found, 
that  when  a  good  magnet  was  struck  for  three  quarters  of  an 
boor,  and  allowed  in  the  mean  time  to  ring,  its  efficacy  was  de- 
stroyed ;  although  (he  same  operation  had  litde  effect  when  the 
ringing  was  impeded ;  so  that  the  continued  exertion  of  the  cohe- 
HfTe  and  repulsive  powers  appears  to  favour  the  transmission  of 
the  magnetic  as  well  as  of  the  electric  fluid.  The  internal  ajzita. 
tioo,  produced  in  bending  a  magnetic  wire  round  a  cylinder,  also 
destroys  its  polarity,  and  the  operation  of  a  file  has  the  same 
effect.  Mr.  Cavallo  has  found  that  brass  becomes  in  goneral  much 
more  capable  of  being  attracted  when  it  has  been  haT«i.iJered,  even 
between  two  flints ;  and  that  this  property  is  again  diminished  by 
fire:  in  this  case  it  may  be  conjectured  that  hammering  increases 
the  conducting  power  of  the  iron  contained  in  the  brass,  and 
thus  renders  it  more  susceptible  of  magnetic  action.  Mr.  Cavallo 
also  observed  that  a  magnetic  needle  was  more  powerfully  at- 
tracted by  iron  filings  during  their  solatioB  io  acids^  especially  in 

2b3 
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the  suJpharic  acid,  than  either  before  or  after  the  operation :  others 
have  not  always  succeeded  io  the  experiment ;  but  there  b  nothiog 
improbable  in  the  circumstance,  and  there  may  have  been  sons 
actual  difference  in  the  result*,  dependent  on  causes  too  minute  for 
observation.    In  subjects  so  little  understood  as  the  theory  of  na^ 
netism,we  are  obliged  to  admit  some  paradoxical  propositions, which 
are  only  surprising  on  account  of  the  imperfect  state  of  our  know- 
ledge*    Yet,  little  as  we  can  understaod  the  intimate  nature  of 
roagnetical  acticms,  they  exhibit  to  us  a  number  of  eztreroely 
amusing  as  well  as  interesting  phaenomena ;  and  the  principles  of 
rrystallization,  and  eyen  of  Tital  growth  and  reproduction,  aie 
no  where  so  closely  iipitated,  as  in  the  arrangement  of  the  small 
particles  of  iron  in  the  neighbourhood  of  a  magnet,  and  in  tbe 
production  of  a  multitude  of  complete  magnets,  from  Hkt  loioeBoe 
of  a  parent  of  the  same  kind. 

lYotmg'i  Nmi.  Pkii. 

The  preceding  article,  though  concise,  is  so  full  and  explicit 
upon  the  curious  and  recondite  subject  it  is  designed  to  illustrate, 
that  we  have  but  a  few  notices  to  subjoin  in  addition  to  what  it 
communicates. 

The  phaenomena  of  electricity  ha?e  been  often  accounted  for, 
and  are  so  still  by  some  philosophers,  by  the  existence  of  two  dis. 
tinct  electric  fluids,  an  attractive  and  a  repulsire.  Mr.  CooloiBb 
contended  for  the  existence  of  two  distinct  magnetic  fluids,  which 
are  only  displaced  in  each  molecule.  He  also  found  Chat  a  wire, 
when  twisted,  receives  nine  times  as  much  magnetic  force,  as  when 
straight:  and  that  a  metal  is  affected  with  the  magnetic  influence, 
if  it  contain  ni^^^  part  of  iron. 

Cafallo  carried  this  discovery  still  farther ;  for  he  ascertained 
that  a  smaller  quantity  of  iron  will  affect  the  needle  »»»•«>  can  be 
detected  by  any  chemical  test :  and  we  have  already  had  occasioB 
to  observe  that  a  flaih  of  lightning  will  completely  reverse  its  pou 
larity  in  the  mariner's  compass  *, 

Nickel,  possibly  from  its  constantly  containing  some  portion  of 
iron,  is  constituently  magnetic  :  but  a  mixture  of  cobalt  destroys 
this  power. 


•  See  Section  iii,  articles  16, 17»  of  the  preceding  chapter. 
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lo  like  manner  Dr.  Tonng  has  observed,  that  the  polaritj  of 
iron  itself  is  destroyed  by  a  mixta  re  of  antimony  with  this  last 
metaL 

The  Dicade  Philosophise^  No.  91,  contains  an  account  of 
▼arioos  eiperiments  made  before  the  French  Imperial  Institute, 
which  seem  to  shew  that  all  bodies  are  subject  to  the  magnetic  in. 
flnence,  even  in  a  degree  which  is  capable  of  Inking  measured. 

Tliese  experiments  were  made  by  Mr. Coulomb,  and  repeated  by 
kim  before  the  Institute.  He  employed  all  the  substances  that  he 
examined  in  the  form  of  a  cylinder,  or  a  small  bar ;  he  suspended 
tliem  by  a  thread  of  silk  in  its  natural  state,  as  spun  by  the  worm, 
and  placed  them  between  the  opposite  poles  of  two  magnets  of  steel. 
Such  a  thread  can  scarcely  support  more  than  two  or  three  drachms 
without  breaking ;  it  was  therefore  necessary  to  reduce  these 
needles  to  Tery  small  dimensions.  Mr.  Coulomb  made  them  about 
a  third  of  an  inch  in  length,  and  about  a  thirtieth  of  an  inch  in 
thickness ;  and  those  of  metal  only  one  third  as  thick. 

In  making  the  experiments,  he  placed  the  magnets  in  the  same 
right  line.  Their  opposite  poL'S  were  separated  about  a  quarter 
of  an  inch  more  than  the  length  of  the  needle  which  was  to  oscil- 
late between  them.  The  result  was,  that  of  whatever  substance 
the  needles  were  formed,  they  always  ranged  themselves  accurately 
in  tlie  direction  of  the  magnets  ;  and  if  they  were  deflected  from 
tliis  direction,  they  returned  to  it  with  oscillations^  which  were 
often  as  frequent  as  thirty  or  more  in  a  minute.  Hence,  the 
weii^ht  and  figure  of  the  needles  being  given,  it  was  easy  to  deter. 
nine  the  force  that  produced  these  oscillations. 

Tiw  experiments  were  made  in  succession  with  small  plates  of 
gold,  silver,  copper,  lead,  and  tin  ;  with  little  cylinders  of  glass, 
with  a  bit  of  chalk,  a  fragment  of  bone,  and  different  kinds  of 
wood. 

In  the  course  of  his  lecture  on  magnetism  ou  the  30th  of  April, 
Dr .Young  repeated  some  of  these  experiments  with  wires  of  differ- 
ent kinds:  one  of  them  was  of  tin,  and  suspended  within  a  cylin. 
drical  glass  jar  by  a  single  silk  worm's  thread :  its  oscillations  were 
to  slew  as  to  occupy  several  minutes,  and  it  was  scarcely  affected 
bj  turning  the  cross  bar  to  which  tbe  thread  was  attached ;  so  that 
tile  •uspension  must  have  lieen  sufficiently  delicate  :  under  these 
drcumatances  the  opposite  poles  of  two  strong  roagneta  were  ap- 

2b  S 
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plied  close  to  the  jar,  ami  at  the  distance  of  about  twice  the  length 
of  the  suspended  wire  :  but  the  effect  was  absolutely  impi^rcep. 
tible:  in  the  morning  indeed,  there  had  been  an  appearance  of 
oscillations  occupying  about  a  minute,  and  tending  to  tbe  direcUon 
of  lite  magnets,  perhaps  d^rifed  from  some  superficial  particles  of 
iron  which  had  lost  their  magnetic  property  by  oxidat:oo  io  the 
course  of  the  day.  There  must  at  any  rate  be  a  doubt  whether 
the  presence  of  a  quantity  of  iron,  too  small  to  be  ascertiioed  bj 
chemical  tests,  might  nut  have  been  the  cause  of  the  effects  de. 
scribed  by  Mr  Coulomb,  although  they  indicate  a  force  soroethiog 
greater,  upon  a  rough  calculation,  than  one  ^OOOth  of  the  weiglit 
of  the  !)ubstaiice. 

By  farther  experiments  of  Mr.  Coulomb,  howerer,  related  ia 
No«  3,  torn.  ill.  of  the  Bulletin  de  la  Society  Philomatfaique,  and 
which  appear  to  have  been  made  with  gri  at  caution,  it  seems  ob. 
▼ious  that  the  greater  part,  if  not  the  whole,  of  the  magnetic  in. 
fluence  observed  in  the  preceding  cases,  was  owing  to  the  presence 
of  iron.  For  it  appears  that,  according  to  the  method  employed 
in  the  purification  of  the  metals  examined,  their  apparent  magnetic 
power  was  very  materially  different.  Mr.  Coulomb  observes  that, 
upon  this  foundation^  we  may  make  the  action  of  the  magnet,  upoa 
a  needle  thus  suspended,  a  very  useful  instrument  in  chemical  eia* 
rolnations  ;  for  he  finds  that  the  attractive  force  is  directly  as  the 
quantity  of  iron  in  any  mixture  ;  and,  according  to  its  ma^^nitade^ 
we  may  estimate  that  quantity,  whtn  it  is  so  small  as  wholly  to 
elude  all  chemical  tests. 

Many  of  the  properties  of  the  magnet  were  knowo  at  a  very 
early  period  to  the  Greek  philosophers,  and  especially  to  Plato  and 
Epicurus;  the  latter  of  whom  endeavoured  to  account  for  them  by 
an  ingenious  hypothesis,  which  is  fully  detailed  by  Lucretius.  Wt 
have  not  space  to  enter  into  this  hypothesis ;  but  tbe  poet^s  minate 
description  of  the  well-known  powers  of  what  we  now  call  tiM 
oad-stone  or  artificial  ma^^net,  as  given  at  so  early  a  period,  caa« 
not  fail  of  being  acceptable  to  our  readers.  It  occurs  iu  his  very 
extraordinary  poem  De  lierum  Natura^  lib.  vi.  v.  906  : 

Quod  super  est,  agere  incipiam  quo  fcedere  fiat 
Naturae,  lapis  hicc'  ut  ferrum  ducere  possit,  ^' 

>  Quern  Magneta  vocant  patrio  de  nomine  Graiei, 
idsgnctum  quia  sit  patriis  iu  finibus  ortos* 
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Hunc  homines  lapidem  mirantur,  quippe  caUnam 
Saepe  ex  anoellis  reddit  pendeutibus  ex  se  : 
Quiuque  et  enin  licet  ioterdum,  pluresquc,  Yidere, 
Ordine  demissoi  levibus  jactarier  auris, 
Unas  ubi  ex  uno  depetidet,  subter  adhserens  ; 
£x  alioqae  alius  lapidis  Tim,  viiiclaque,  nosclt : 
Usque  adeo  permanaater  vis  perfalet  ejus. 

And  next  explain  we  by  what  curious  law 
The  stone  termed  magnet  b}*  the  Greeks,  attracts 
Th'  obsequious  iron  ;  magnet  term'd  since  first 
Mid  the  Magnetes  ro^n  its  power  descried. 

Vast  is  the  wonder,  mid  th'  admiring  crowd, 
This  stone  excites  ;  for  oft  a  pendent  chain 
Forms  it  of  rings  unlink'd  and  loosely  join'd. 
And  frequent  see  they,  sporting  in  the  breeze, 
Such  rings  quintupled,  in  succession  long. 
The  lowlier  clea?ing  to  the  sphere  above, 
And  this  to  that,  proclaiming,  as  it  hangs, 
Its  deep.felt  conscience  of  the  magnet's  power. 
Soch  the  resistless  energy  it  boasts.  Good. 

Upon  this  snbject  also,  we  must  take  lea?e  so  subjoin  the  learned 
Translator's  note  on  the  passage : 

*^  There  is  nothing  in  nature  too  recondite  for  the  daring  penetra* 
tlon  of  our  poetic  philosopher.  The  timid  mineralogist  of  modern 
dajt  cannot,  without  surprize,  behold  him  thus  undauntedly  endea* 
▼OQring  to  deyelope  a  bond,  into  whose  mysterious  union  he  him. 
self  feels  totally  unable  to  penetrate  :  and  if,  in  pursuing  his  hardjr 
footsteps^  he  percei?e  the  bold  speculator,  at  times,  bewildered  in 
%  wrong  path,  he  will  seldom  be  able  to  point  out  to  him  a  truer. 

^^  Hence,  Polignac,  to  whose  uegatife  declaration,  neither  our 
poety  nor  any  modern  philosopher,  will,  probably,  object : 

Miracnla  nondum 
Omnia  magnetis  perspeximus ;  at  mihi  certum  est 
Magnetem  non  esse  animal ;  nee  amoris  ab  csta 
Ferratns  trahere,  ac  secam  yincire  catenas. 

AmtlLucr,  t.  1156. 
9B4 
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For  not  yet  cleirly  are  Ae  wonders  tnc'd 
Prov'd  by  the  magnet ;  but  to  me  most  clemr 
Seems  it  no  animal  ;  nor  led  by  bonds 
Of  mutual  loTe  t'  attract  and  dasp  the  steel. 

^'  The  ferruginous  ore,  here  spoken  of,  for  it  is  nothing  ^Isethaa 
ferruginous  ore,  with  a  saturation  of  magnetic  aura,  was  denomi- 
nated, a<;  Lucretius  observes,  magnet,  from  its  haTing  been  first 
noticed  among  the  Magnates,  or  inhabitants  of  Magnesia,  a  region 
of  Lydia.  It  is  also  often  entitled  Herculeus  lapis ;  either  because 
it  was  first  traced  by  Hercules,  or  detected  in  the  Ticinity  of  He- 
racles ;  or,  lastly,  from  the  prodigious  strength  of  its  attraction. 
Lucretius,  indeed,  employs  this  latter  term  on  no  occasion,  bot 
Marchetti  hai»  introduced  it  into  his  rersion,  with  a  Tiew  of  Yaryiog 
his  phraseology  : 

— r  Erculla  pietra 
Con  incognita  forza  il  ferro  tragga. 

^*  Whether  the  ancients  were  acquainted  with  that  nostnfefai 
nautical  instrument  to  which  the  properties  of  this  stone  bave  gireo 
birth,  the  mariner's  compass,  is  in  some  degree  doobtfiiL  la 
modern  Europe,  we  have  no  decisive  knowledge  of  the  existence  of 
this  instrument  anterior  to  its  use  by  Marco  Polo,  in  1260.  Aaoog 
the  Chinese,  however,  it  appears  to  have  been  employed  hmiieaio- 
rially :  from  which  circumstance,  many  scholars  of  high  reputa- 
tion, and  among  the  rest  my  learned  and  indefatigable  frieod  the 
Rev.  T.  Maurice,  conceives  that  other  ancient  nations  were  in  an 
equal  degree  acquainted  with  its  utility.  They  contend|  that  it 
was  known  to  the  Druids,  and  that  the  cardinal  points  of  what 
they  call  the  Druidic  temples  at  Stonehenge  and  Abnry,  were 
determined  by  the  use  of  such  a  compass.  In  like  manner,  ascribe 
iog  its  name  of  lapis  Heradius,  or  Herculeus,  to  Hercnlesy  as  iti 
inventor,  they  conjecture  it  was  known  also  to  the  Greeks  |  ud 
that  the  golden  cup  which  Apollo,  or  the  Sun  under  that  denoni- 
nation,  gave  to  Hercules,  was  nothing  more  or  less  than  tlie  SM* 
riper's  compass. box,  6^  which,  not  tit  which,  the  latter  sailed 
over  the  vast  ocean  ;  they  add  also,  that  the  golden  fleece  and  tile 
golden  scyphus  in  the  temple  of  Jupiter  Ammon  in  Ljbia,  were 
nothing  more  than  types  of  this  carioas  instrument.     I  am  afrtid 
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howeTer,  there  is  more  ingenuity  in  such  conjectures  than  solid  ar. 
gnment  or  historic  fact :  and  in  addition  to  the  obsenrat  ions  ad* 
raneed  on  (he  other  side  of  the  question  by  Sir  William  Temple^ 
Dr.Wotton,  and  Mr.  Clarke,  1  cannot  avoid  remarking,  that  had 
ibis  instrument  been  known  in  the  time  of  Lucretius,  he  would 
not  haTe  failed  to  hare  adyerted  to  it  on  the  present  occasion.  But 
It  is  neither  mentioned  by  Lucretius  nor  by  Suidas." 

[Editor. 

SECTION   II. 

On  tke  Cause  of  the  Change  in  the  Variation  ef  the  Magnetic 
NeeMe;  with  an  Hypothesis  of  the  structure' of  the  internal 
parte  of  the  Earth. 

By  Mr,  Edmond  Halley. 

Ha¥ix«  published,  in  the  Transactions,  No.  148,  a  theory  of 
the  Tariation  of  the  magnetic  needle,  in  which,  by  comparing  many 
obierratioDS,  I  came  at  length  to  this  general  conclusion,  ?iz.  That 
the  globe  of  the  earth  might  be  supposed  to  be  one  great  magnet, 
iMTing  fonr  magnetical  poles  or  points  of  attraction,  two  of  them 
sear  each  pole  of  the  equator :  and  that  in  those  parts  of  the  world, 
which  lie  near  any  of  those  magnetical  poles,  the  needle  is  chiefly 
Koremed  thereby,  the  neariest  pole  being  always  predominant  orer 
tlM  more  remote.  And  I  there  endeavoured  to  state  and  limit  the 
prtaent  position  of  those  poles  on  the  surface  of  oor  globe.  Yet  I 
frand  two  difiUculties  not  easy  to  surmount :  the  one  was,  that  no 
OMgnet,  I  had  erer  seen  or  heard  of,  had  more  than  two  opposite 
poles ;  whereas  the  earth  had  visibly  four,  and  perhaps  more.  And 
■econdly,  it  was  plain  that  these  poles  were  not,  at  least  all  of 
tiiem,  fixed  in  the  earth,  but  shifted  from  place  to  place,  as  appeared 
liy  the  great  changes  in  the  needle's  direction  within  this  last  cen. 
turj  of  years,  not  only  at  London,  where  this  great  disco? ery  wit 
first  made,  but  almost  all  over  the  globe  of  the  earth ;  whereas  it  is 
96t  known,  or  observed,  that  the  poles  of  a  loadstone  ever  shifted 
dieir  place  In  the  stone,  nor,  considering  the  compact  hardness  of 
that  sobttance,  can  it  easily  be  supposed, 

Theie  difficulties  made  me  quite  detptir  of  ever  being  aUe  to  ao* 
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count  for  this  phasnomenon,  when  in  an  accidental  conTei&ation  I 
stumbled  on  the  following  hypothesis.  It  is  sufficiently  known  and 
iillovred,  that  the  needless  variation  changes  ;  and  that  this  change  is 
gradual  and  universal,  will  appear  by  the  following  examples.  At 
London,  in  the  year  1580,  the  variation  was  observed  by  Mr. Bur. 
rows  to  be  IP  16'  to  the  east;  in  1622,  the  same  was  found  by 
Mr.  Gunter  to  be  only  C"  0'  to  the  east ;  in  1634,  Mr.  Gellibrand 
found  it  at  4^  5' to  the  east;  in  1657,  Mr.  Bond  observed  that 
there  was  no  variation  at  London  ;  anno  1762,  I  observed  it  2°3(/ 
to  the  west  ;  and  this  present  year  1692,  I  again  found  it  6^  to  the 
west.  So  that,  in  112  years,  the  direction  of  the  needle  has 
changed  no  less  than  seventeen  degrees. 

At  Paris,  Orontins  Finsus,  about  the  year  1550,  reckoned  it 
about  8°  or  9°  east  variation  ;  in  1640,  it  was  found  3^  to  the  east; 
in  1666  there  was  no  variation  there ;  and  in  1681,  I  found  it  to 
be  2°  3(/  to  the  west. 

At  Cape  d\A^ulhas,  the  most  southerly  promontory  of  Africa, 
about  the  year  1 600,  the  needle  pointed  due  north  and  south  with- 
out variation,  whence  the  Portuguese  gave  it  that  name  ;  in  1622 
there  was  2^  west  variation;  in  1675  it  was  8^  to  the  west;  and 
this  year  1691,  it  was  accurately  observed  to  be  not  less  than  11® 
degrees  to  the  west. 

At  St.  Helena,  about  the  year  1600,  the  needle  declined  8*  ta 
the  east ;  in  1623,  it  was  but  6**  to  the  east ;  in  1677,  when  I  wis 
there,  1  observed  it  accurately  on  shore  to  be  40^  east ;  and  now 
this  year  it  was  about  Pto  the  westward  of  the  north. 

At  Cape  Comorin,  in  India,  in  the  year  1620,  there  were  14*20' 
west  variation ;  in  1680,  there  was  8"^  48' ;  but  in  1668,  it  was  no 
more  than  7''  30^;  so  that  here  the  needle  has  returned  to  the  east 
about  7^  in  seventy  years. 

In  all  the  other  examples  the  needle  has  gradually  moved  towards 
the  west,  and  the  places  are  too  far  asunder  to  be  influenced  by  the 
removal  of  any  magnetical  matter,  which  may  by  accident  be  trans* 
placed  within  the  bowels  or  on  the  surface  of  the  earth.  From 
these,  and  many  other  observations,  it  is  evident  that  the  direction 
of  the  needle  is  in  no  place  fixed  and  constant,  though  in  some 
itchang<s  faster  than  in  others.  And  where  for  a  long  time  it  has 
continued  as  it  were  unaltered,  it  is  there  to  be  understood  that  tbt 
needle  has  its  greatest  deflection^  and  is  become  stationary^  ia  or* 
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der  to  retom,  like  the  sun  in  tlie  tropics.  This  it  present,  rii. 
169^,  is  in  ihe  Indian  S€a,  about  the  inland  Maur  tios,  where  is  the 
highest  west  yariation,  and  in  a  tract  tending  from  thence  to  the 
N.N.VV.  towards  the  Red  Sea  and  Egypt.  And  in  all  places  to 
the  westward  of  this  tract,  all  over  Africa  and  the  ^as  adjoining, 
the  west  yariation  will  be  found  to  have  increased ;  and  to  the 
eastwards  thereof,  as  in  the  example  of  (>-ape  Comorin,  to  have 
decreased,  viz.  all  OTer  th«'  East  indies  and  the  islands  near  it. 

Iq  like  mann'r.  in  thatspacr  of  east  v;Ariation,  which,  beginning 
near  St.llflenn,  i^  found  all  over  South  America,  and  which  at 
prns<^nt  is  hight* st  about  the  mouth  of  Rio  'ie  la  Plata,  it  has  been 
ob<erTed,  that  in  the  eastern  parts  oi  it,  the  yariation  of  the  needle 
gradually  decreases ;  but  whether,  on  the  contrary,  it  increases  in 
those  places  which  lie  more  westerly  than  that  tract  wherein  the 
highest  east  yariation  is  found  ;  or  how  it  may  be  in  the  ?ast  Pa« 
cific  Sea,  we  haye  nor  expi  rience  cnouah  to  ascertain  ;  only  we 
may  by  analogy  infer,  that  both  the  east  and  west  yariations  gra* 
dually  increase  and  decrease  after  the  same  rule. 

These  phenomena,  being  well  understood  and  duly  considered, 
snfiiciently  eyiiice,  that  the  whole  n>a^netical  system  has  one,  or 
perhaps  more  motions  ;  that  th  moyin;;  force  is  yery  great,  as  trX* 
tending  its  ellects  from  pole  to  pole ;  and  that  its  motion  is  not  per 
taltum,  bat  a  gradual  and  regular  moiion. 

Now  considering  the  structure  of  ou*  terraqurous  ^lobe,  it  can. 
BOt  be  well  supposed  that  a  very  great  part  ot  it  cau  mote  within 
it,  without  notably  changing  its  centre  of  gravity,  and  the  eqiiili. 
brium  of  its  parts,  which  would  pro/luce  very  wonderful  effects  in 
dianging  the  axis  of  diurnal  rotation,  a  id  oc  aaion  strange  altera* 
tion  io  the  surface  of  the  se?,  by  i.iundati  >n^  and  lecissions,  such 
is  history  neyer  yet  mentioned.  Besides  the  solid  pjrts  of  the 
earth  are  not  to  be  supposed  permeable  l>y  any  other  than  fluid 
tnbstances,  of  which  we  know  none  tnai  are  an)  ways  mat^netical. 
So  that  the  only  way  to  render  this  motion  Intelligible  and  possible, 
is,  to  suppose  it  to  turn  about  the  centre  oi  the  globe,  haying  its 
centre  of  gravity  fixed  and  imuioveable  in  the  same  rommoit  centro 
of  the  earth :  and  there  is  yet  required,  that  this  mo%ing  intemU 
mbstance  be  loose,  and  detached  from  the  external  |>arts  of  the 
onrthy  whereon  we  liye ;  for  otherwise,  were  it  alTix^d  to  the  tarth| 
tte  wlMde  must  necessarily  more  together. 
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So  (hen  the  external  parts  of  the  globe  maj  well  be  eontidertd 
«8  the  shell,  and  the  internal  as  a  nncleus,  or  inner  globe,  included 
within  ODrs,  with  a  fluid  mediam  between.  Which  having  the  same 
common  centre  and  axis  of  diurnal  rotation,  may  turn  about  with 
our  earth  each  twenty  .four  hours ;  only  this  outer  sphero  hariag 
Its  turbinating  motion  some  small  matter  either  swifter  or  slower 
than  the  internal  ball.  And  a  very  minute  difference  in  length  of 
time,  by  many  repetitions  becoming  sensible,  the  hitemal  parts  will 
by  degrees  recede  from  the  external,  and  not  keeping  pAce  with 
each  other,  will  appear  gradually  to  more  either  to  the  east  or  west 
by  the  difference  of  their  motions. 

Now  supposing  such  an  internal  sphere,  having  such  m  motiom 
we  may  soire  the  two  great  difficulties  in  my  former  hypothesis. 
For  if  this  exterior  shell  of  earth  be  a  magnet,  baring  its  poles  at 
a  distance  from  the  poles  of  diurnal  motion  ;  and  if  the  internal 
nucleus  be  likewise  a  magnet,  haying  its  poles  in  two  other  places 
distant  also  from  the  axis  ;  and  these  latter,  by  a  gradual  and  slow 
motion,  chauge  their  place  in  respect  of  the  external,  we  m^  then 
gire  a  reasonable  account  of  the  four  magnetical  poles,  ai  also  of 
the  changes  of  the  needle's  variations. 

The  period  of  this  motion  being  wonderfully  great,  and  there 
being  hardly  a  century  since  these  Tariations  hare  been  duly  ob- 
served, it  will  be  very  bard  to  bring  this  hypothesis  to  m  calcalos, 
especially  since,  though  the  variations  increase  and  decrease  regu- 
larly in  the  same  place,  yet  in  different  places,  at  no  great  distance, 
there  are  found  such  casual  changes  of  it,  as  can  nowise  be  ac 
counted  for  by  a  regular  hypothesis  ;  as  depending  on  the  onequal 
and  irregular  distribution  of  the  magnetical  matter  within  the  sah- 
stance  of  the  external  shell  or  coat  of  the  earth,  which  deflects  the 
needle  from  the  position  it  would  acquire  from  the  effect  of  the  ge- 
neral magnetism  of  the  whole.  Of  this,  the  Tariations  mt  J^ndon 
and  Phris  afford  a  notable  instance  ;  for  the  needle  has  tieen  con. 
stantly  about  r|  more  easterly  at  Paris  than  at  London  ;  though 
It  be  certain  that,  according  to  the  general  effect,  the  difference 
onght  to  be  the  contrary  way.  Notwithstanding  which,  the  Ta» 
riation  in  both  places  changes  alike. 

Hence,  and  from  some  other  of  the  like  nature,  I  coBcliide,  tbitf 
the  two  poles  of  the  external  globe  are  fixed  in  the  emrth,  and  tet 
if  the  needle  were  wholly  goTemed  by  them,  the  TaritlioM  would 
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b8  wXfmys  ihe  same,  with  some  little  irregalarities  on  the  account 
just  now  mentioned :  but  the  internal  sphere,  ha?ing  such  a  gra* 
dual  translation  of  its  poles,  influences  the  needle,  and  directs  it 
▼ariously,  according  to  the  result  of  the  attractiye  or  directiye 
power  of  each  pole  ;  and  consequently  there  must  be  a  period  of 
the  reyolntion  of  this  internal  ball,  after  which  the  yariations  will 
return  again  as  before.  But  if  it  shall  in  future  ages  be  observed 
otherwise,  we  must  then  conclude,  that  there  are  more  of  these  in. 
ternal  spheres,  and  more  magnetical  poles  than  four,  which  at  pre. 
sent  we  kiTe  not  a  sufficient  number  of  observations  to  determine, 
and  particularly  in  that  vast  Mar  del  Zur,  which  occupies  so  great 
a  part  of  the  whole  surface  of  the  earth. 

If  thea  two  of  the  poles  be  fixed,  and  two  moveable,  it  remains 
to  ascertain,  which  they  are  that  keep  their  place :  and  though  I 
could  wish  we  had  the  experience  of  another  century  of  years  to 
found  our  conclusions  upon,  yet  I  think  we  may  safely  determine, 
that  our  European  north  pole,  supposed  to  be  near  the  meridian  of 
the  Land's  End,  and  about  7  from  it,  is  that  which  is  moveable  of 
the  two  northern  poles,  and  which  has  chiefly  influenced  the  va» 
riations  in  these  parts  of  the  world  :  for  in  Hudson's  Bay,  which  is 
under  the  direction  of  the  American  pole,  the  change  b  not  ob* 
served  to  be  near  so  fast  as  in  these  parts  of  Europe^  though  that 
pole  be  much  farther  removed  from  the  axis. 

Aj  to  the  south  poles,  from  the  like  observation  of  the  slow  de* 
crease  of  the  variation  on  the  coast  of  Java,  and  near  the  meridian 
of  the  Asian  pole,  I  take  the  Asiatic  pole,  which  I  place  about  the 
meridian  of  the  island  of  Celebes,  to  be  the  fixed  one^  and  conse*- 
quently  the  American  pole  to  be  moveable.  If  this  be  allowed,  it 
is  plain  that  the  fixed  poles  are  the  poles  of  this  external  shell  or 
cortex  of  the  earth,  and  the  other  two  the  poles  of  a  magnetical 
nucleus,  included  and  moveable  within  the  other.  It  likewise  fol- 
lows, that  this  motion  is  westwards,  and  by  consequence  that  the 
aforesaid  nucleus  has  not  precisely  attained  the  same  degree  of  ve- 
locity with  the  exterior  parts  in  their  diurnal  revolution  :  but  so 
rerj  nearly  equals  it,  that  in  365  revolves  the  difference  is  scarcely 
sensible.  This  I  conceive  to  arise  from  the  impulse  by  which  this 
diurnal  motion  was  impressed  on  the  earth,  being  given  to  the  ex* 
ternal  parts,  and  from  thence  in  time  communicated  to  the  internal ; 
but  not  ao  as  perfectly  to  equal  the  velocity  of  the  first  motion 
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impressed  on,  and  still  conserred  by  the  soperficial  parU  of  th* 
globe. 

As  to  the  quantity  of  this  motion  it  is  almost  impossible  to  de- 
fine it,  both  from  the  nature  of  this  kind  of  obserration,  which  can* 
not  be  very  accurately  performed ;  as  also  from  the  small  time 
these  fariations  hive  been  observed,  and  their  change  discovered. 
It  appears  by  all  circumstances,  that  its  period  is  of  many  cento- 
ries  of  years,  and  as  far  as  may  be  collected  from  the  change  of  the 
place,  where  there  was  no  fariation  by  reason  of  the  eqatlibrium 
of  the  two  southern   magnetical  poles,  viz.  from  Cape  d*Agullias 
to  the  meridian  of  St. Helena,  which  is  about  33^  in  about  ninety 
years,  and  of  the  place  where  the  westerly  variation  is  in  its  greatest 
deflection^  being  about  half  so  much,  viz. from  the  isle  of  Diego 
Roiz  to  the  south-wpst  parts  of  Madagascar.     We  may  with  some 
reason  conjecture,  that  the  American  pole  has  mo?ed  westwards  46r 
in  that  time,  and  that  the  whole  period  of  its  variation  is  performed 
in  700  years,  or  thereabouts;  so  that  the  nice  determination  of  this, 
and  o^  several  other  particulars  in  the  magnetic  system,  is  reserved 
for  remote  posterity  ;  all  that  we  can  hope  to  do,  is  to  leave  behiod 
us  observations  that  may  be  confided  in,  and  to  propose  hypotheses 
which  after  ages  may  examine,   amend,  or  refute.     Only  here  I 
?nust  take  leave  to  recommend  to  all  masters  of  ships  and  all 
others,   lo?ers  of  natural  truths,  that  they  use  their  utmost  dili- 
gence to  make,  or  procure  to  be  made,  observations  of  these  vt. 
riations  in  all  these  parts  of  the  world,  as  well  In  tlie  north  as 
south  latitude,  after  the  laudable  custom  of  our  East  India  com- 
manders, and  that  ihey  please  to  communicate  them  to  the  Royal 
Society,  in  order  to  lea?e  as  complete  a  history  as  may  be,  to  those 
who  are  hereafter  to  compare  all  together,  and  to  complete  and 
perfect  this  abstruse  theory. 

And  by  the  way  it  will  not  be  amiss  to  correct  a  received  error 
in  the  practice  of  observiu:;  the  variation,  which  is,  to  take  it  by 
the  amplitude  of  the  rising  and  setting  sun,  when  his  centre  ap. 
pears  in  the  visible  horizon  ;  whereas  he  ought  to  be  observed  when 
his  under  limb  is  still  above  the  horizon  about  two.thirds  of  his 
diameter,  or  twenty  minutes,  on  accouut  of  the  refraction,  and  the 
height  of  the  eye  of  the  observer  above  the  surface  of  the  sea:  or 
else  the  amplitudes  are  to  be  wrought  as  the  azimuths,  reckoning 
the  sub's  disUnce  from  the  zenith  SKT  36' :  this,  thoogh  it  be  of 
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little  coniequence  near  the  equator,  will  make  a  great  error  in  high 
latitudes,  where  the  sun  rises  and  sets  obliquely. 

But  CO  return  to  our  hypothesis,  in  order  to  explain  the  change  of 
the  Tariations,  we  have  adventured  to  make  the  earth  hollow,  and 
to  place  another  globe  within  it :  and  I  doubt  not  but  this  will 
find  opposers  enough.  I  know  it  will  be  objected,  that  there  is  no 
instance  in  nature  of  the  like  thing  ;  that  if  there  was  such  a  middle 
globe  it  would  not  keep  its  place  in  the  centre,  but  be  apt  to  de« 
Tiate  from  it,  and  might  possibly  shock  against  the  concave  shell, 
to  the  ruin  or  at  least  endamaging  of  it ;  that  the  water  of  the  sea 
would  perpetually  leak  through,  unless  we  suppose  the  cavity  full 
of  water  ;  that  were  it  possible,  yet  it  does  not  appear  of  what  use 
such  an  inward  sphere  can  be  of,  being  shut  up  in  eternal  darkness, 
and  therefore  unfit  for  the  production  of  animals  or  plants  ;  with 
many  more  objections,  according  to  the  fate  of  all  such  such  new 
propositions. 

To  these  and  all  other  objections  that  I  can  foresee,  I  briefly 
answer,  that  the  ring  environing  the  globe  of  Saturn  is  a  notable 
instance  of  this  kind,  as  having  the  same  common  centre,  and 
moving  along  with  the  planet,  without  sensibly  approaching  him  on 
one  side  more  than  the  other.  And  if  this  ring  were  turned  on  one 
of  its  diameters,  it  would  then  describe  such  a  concave  sphere  as  I 
suppose  our  external  one  to  be.  And  since  the  ring  in  any  given 
position,  would  in  the  same  manner  keep  the  centre  of  Saturn  in  its 
own,  it  follows  that  such  a  concave  sphere  may  move  with  another 
iocluded  in  it,  having  the  same  common  centre.  Nor  can  it  well 
be  supposed  otherwise,  considering  the  nature  of  gravity:  for 
should  these  globes  be  once  adjusted  to  the  same  common  centre, 
the  gravity  of  the  parts  of  the  concare  would  press  equally  towards 
the  centre  of  the  inner  ball,  which  equality  must  necessarily  con- 
tinue till  some  external  force  disturb  it,  which  is  not  easy  to  ima. 
gine  in  our  case.  This  perhaps  I  might  more  intelligibly  express, 
by  saying  that  the  inner  globe  being  deposited  in  the  centre  of  the 
exterior,  must  necessarily  ascend  which  way  soever  it  may  move ; 
that  is,  it  must  overcome  the  force  of  gravity  pressing  towards  the 
common  centre,  by  an  impulse  it  must  receive  from  some  outward 
agent ;  but  all  outward  eflbrts  being  sufficiently  fenced  against  by 
the  shell  that  surrounds  it,  it  follows,  that  this  nucleus  being  once 
fixed  in  the  common  centre,  must  always  remain  there. 
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As  to  the  leaking  of  the  water  through  this  shell,  wheo  once  a 
passage  shall  be  found  for  it  to  ran  through,  I  miist  confess  it  is  an 
objection  seemingly  of  weight ;  but  when  we  consider  how  tightlj 
great  beds  of  chalk  or  clay,  and  much  more  stone  do  hold  water, 
and  even  ca?rs  arched  with  sand ;  no  man  can  donbt  but  the  wis- 
dom  of  the  Creator  has  provided  for  the  microcosm  by  many  more 
ways  than  I  can  either  imagine  or  express,  especially  since  we  see 
the  admirable  and  innumerable  contrivances  wherewith  each  worth. 
1(  ss  individual  is  furnished,  both  to  defend  itself  and  propagate  its 
species.  What  curiosity  in  the  structure,  what  accuracy  in  the 
mixture  and  composition  of  the  parts,  ought  we  not  to  expect  in 
the  fabric  of  this  globe,  designed  for  the  lasting  habitatioo  of  so 
many  various  species  of  animals,  in  each  of  which  there  want  not 
many  instances,  that  manifest  the  boundless  power  and  goodness 
of  their  divine  author ;  and  can  we  then  think  it  a  hard  soppo. 
sition,  that  the  internal  parts  of  this  bubble  of  earth  should  be  re. 
plete  with  such  saline  and  vitriolic  particles,  as  may  contribute  to 
pet  refaction,  and  dispose  the  transuding  water  to  shoot  and  coagu- 
late into  stone,  so  as  continually  to  fortify,  and  if  need  were  to 
consolidate  any  breach  or  flaw  in  the  concave  surface  of  the  shelL 

And  this  perhaps  may  not  without  reason  be  supposed  to  be  the 
final  cause  of  the  admixture  of  the  magnetical  matter  in  the  mass  of 
the  terrestrial  parts  of  our  globe,  viz.  To  strengthen  and  maintain 
the  concave  arch  of  this  shell :  for,  by  what  the  excellent  Mr. 
Newton  has  shown  in  his  Principia  Philosophiae^  it  will  follow  that 
according  to  the  general  principle  of  gravity,  visible  throughout  the 
whole  universe,  all  those  particles  nhich,  by  length  of  time  or 
otherwise,  shall  moulder  away,  or  become  loose  on  the  concave 
surface  of  the  external  sphere,  would  fall  in,  and  with  great  force 
descend  on  the  internal^  unless  those  particl«'S  were  of  another  sort 
of  matter,  capable,  by  their  stronger  tendency  to  each  other,  to 
suspend  the  force  of  gravity  ;  but  we  know  no  other  substances  ca- 
pable of  supporting  each  other  by  their  mutual  attraction,  besida 
the  magnetical,  and  these  we  see  miraculously  to  perform  that 
office,  even  when  the  power  of  gravity  has  its  full  effect,  much  moit 
within  the  globe  where  it  is  weaker.  Why  then  may  we  not  sap* 
pose  these  said  arches  to  be  lined  throughout  with  a  magnetical 
matter,  or  rather  to  be  one  great  concave  magnet,  whose  two  poki 
are  the  poles  we  have  before  observed  to  be  fixed  in  the  surface  of 
our  globe  ? 
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Another  argument,  fayouring  this  hypothesis,  is  drawn  from  a 
proposition  of  the  same  Mr.  Newton,  where  he  determines  the  force 
with  which  the  moon  moTes  the  sea  in'producing  the  tides,  where  he 
says  the  density  of  the  moon  is  to  that  of  the  earth,  as  680  to  387, 
or  as  9  to  5  nearly  :  therefore  the  body  of  the  moon  is  denser  than 
our  earth,  kc.  Now,  if  the  moon  be  more  solid  than  the  earth, 
as  9  to  5,  why  may  we  not  reasonably  suppose  the  moon,  being  a 
small  body  and  a  secondary  planet,  to  be  solid  earth,  water,  and 
stone,  and  this  globe  to  consist  of  the  same  materials,  only  four* 
ninths  thereof  to  be  cavity,  within  and  between  the  internal  sphereili 

To  those  that  shall  inquire  of  what  use  these  included  globes  can 
be,  it  must  be  allowed,  that  they  can  be  of  very  little  service  to  the 
inhabitants  of  this  outward  world  ;  nor  can  the  sun  be  serviceable  to 
them,  either  with  his  light  or  heat.  But  since  it  is  now  taken  for 
granted  that  the  earth  is  one  of  the  planets,  and  that  they  all  are 
with  reason  supposed  habitable,  though  we  are  not  able  to  define 
by  what  sort  of  animals  ;  and  since  we  see  all  the  parts  of  the 
creation  abound  with  animate  beings,  as  the  air  with  birds  and 
Aies,  the  water  with  the  numerous  varieties  of  fish,  and  the  very 
earth  with  reptiles  of  so  many  sorts ;  all  whose  ways  of  living 
would  be  to  us  incredible,  did  not  daily  experience  teach  us  ;  why 
then  shoold  we  think  it  strange  that  the  prodigious  mass  of  matter, 
of  which  this  globe  consists,  should  be  capable  of  some  other  im« 
provements,  tlian  barely  to  serve  to  support  its  surface?  VVhy  may 
•ot  we  rather  suppose  that  the  exc»-eding  small  quantity  of  solid 
Bitter,  in  respect  of  the  fluid  ether,  is  so  disposed  by  the  Almiglity 
wiidoai,  as  to  yield  as  great  a  surface  for  the  use  of  living  crealuref, 
as  can  consist  with  the  conveniency  and  security  of  the  whole  ? 

Bat  ttill  it  may  be  said,  that  without  light  there  can  be  no  living, 
and  therefore  all  this  apparatus  of  our  inward  globes  must  be  use* 
less  :  to  this  I  answer,  that  there  are  many  ways  of  producing  light, 
which  we  are  wholly  ignorant  of;  the  medium  itself  may  be  always 
luminous,  after  the  manner  of  our  ignes  fatui.  The  concave  arches 
may  in  several  places  shine  with  such  a  substance,  as  InveNts  the 
surface  of  the  sun  ;  nor  can  we,  without  a  boldness  unbecoming  a 
pliilosopher,  adf  enture  to  assert  the  impossibility  of  peculiar  lumi- 
naries below,  of  which  we  have  no  sort  of  idea. 

Lastly,  to  explain  yet  farther  what  i  mean,  let  us  suppose  our 
own  globe  to  consist  of  four  different  circles :  that  tlie  sarface  of 
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tar  «art&  b  reprgwted  bj  tiK  ovtward  cirde,  and  tkat  the  tlirf ^ 
bcnrr  circles  are  HMie  Bcarlr  propovtioaable  to  tke  magnitudes  of 
tic  pfiBTs  FeDas,  Mats,  aad  Jiercarr,  all  wUcii  maj  be  indaded 
wkMa  tbB  zWsbe  of  tke  cartk^  and  all  tbe  arcbrs  be  more  thao  snffi* 
citfldj  suoof  to  bear  tWir  wctgkt.  Tbe  concave  of  each  trcb, 
which  m  shaded  d^rently  from  the  rest,  we  may  suppose  to  be 
m-ade  «p  of  mafoetical  mitter ;  and  the  whole  ta  tarn  aboat  tbe 
maie  comaMO  ax» :  onl j  witk  th»  diitrrenoe,  that  the  outer  sphere 
stilS  BYWP9  somcwkit  Usur  than  the  inner.  Thns,  the  diameter  of 
the  eanhheia^  about  80CO  Eogibh  miles,  I  allow  500  miles  foi|die 
of  its  sheiJ.  and  another  space  of  500  miles  for  a  mc^an 
cnpahle  of  an  immcuc  atmosphere  for  the  use  of  the  globe 
•f  Vcnis.  Vcnos  again  I  jgire  a  shell  of  the  same  thickness,  sad 
kuTe  Iff  erent  a  space  between  her  concare  and  Mars  ;  so  likewist 
Iffoa  Mats  to  Ifercurj,  nhich  latter  ball  we  wiU  suppose  solid,  and 
aboot  ftXU  miScs  diimrter, 

Sace  this  was  written,  a  discovery  I  hare  nmde  i»  the  cestui 
m«>cionss  seems  to  render  a  fiuther  account  of  the  use  of  the  cantf 
of  the  earth,  via.  To  diminish  its  spedic  gravity  in  respect  of  the 
moon :  for  I  think  I  can  demonstrate,  that  the  opposition  of  tht 
ether  to  the  motions  of  the  planets,  in  long  time  becomes  sensiUe; 
and  consequently  the  grenter  body  must  receive  n  less  oppositioa 
than  the  smaller,  nalcss  the  spedfic  gravity  of  the  smaller  do  pro- 
portiooably  exceed  that  of  the  greater,  in  which  case  only  tbey 
can  BMHre  together ;  so  that  the  cavity  I  assign  in  the  earth  may 
well  serve  to  adjust  its  weight  to  that  of  the  moon ;  ior  otherwife 
the  earth  would  leave  the  moon  behind  it,  and  she  become  another 
primary  planet. 

IPkii.  Drans.  16M. 
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SBCTION  111. 

Magneticaf  experiment  $* 


1.  B^  Mr.  Sellers: 

On  magnetic  needles. 

Ma.  Sellers  states,  that  he  had  often  made  trial  with  many 
needles,  touching  them  on  each  hemisphere  of  the  stone,  in  all 
▼ariety  of  ways  he  could  imagine,  to  find  if  it  were  possible,  by 
that  means,  to  cause  any  of  those  needles  to  yary  in  its  direction : 
but  that  he  always  found  the  contrary,  all  of  (hem  conforming  to 
the  magnetical  meridian,  and  standing  north  and  south,  as  other 
needles  that  were  touched  on  the  yery  pole  of  the  stone.  He  adds, 
that  some  of  these  experiments  he  tried  in  London,  when  there 
was  no  Tariation  known. 

That  on  frequent  trials  of  touching  needles  with  different  load, 
stones  of  seTeral  magnitudes,  as  also  of  different  virtue,  the 
oeedles  touched  gare  all  of  them  the  same  directions.  This 
he  thinks  is  confirmed  by  all  the  needles,  and  sea  compasses, 
made  io  sereral  parts  of  the  world,  and  consequently  touched  on 
sereral  stones  of  different  countries,  yet  all  agreeing  in  this  mag- 
netical harmony,  that  they  all  give  the  same  directions.  That 
baring  sometimes  drawn  a  needle  only  o?er  the  pole  of  the  stone, 
witUn  the  sphere  of  its  virtue,  without  touching  the  stone,  it  has 
received  the  same  directive  quality  from  the  stone  as  if  it  had  been 
really  touched  on  the  stone  itself,  though  not  altogether  so  strong 
u  if  It  had  touched  the  stone.  Again,  that  having  touched  needles 
on  the  stone  with  faint  strokes,  and  other  needles  with  stronger, 
all  these  needles  received  the  same  effect  from  the  stone,  both  for 
itreogth  and  direction ;  he  conceiving  that  It  is  not  the  fainter  or 
stronger  touches  on  the  stone,  nor  the  multiplicity  of  strokes,  that 
varies  the  needle's  strength  or  direction;  but  that  the  nature  of 
the  steel  whereof  the  needle  is  made,  and  the  temper  that  is  given 
thereunto,  cause  different  effects  as  to  the  strength  it  receives  from 
the  stone ;  himself  having  tried  all  sorts  of  steel  that  he  could  pos* 
sibly  procure,  and  all  the  different  tempers  he  could  imagine,  for 

«  Tbb  ieens  to  be  the  int  notice  of  makioi^  artiftckU  nacfietf.     Mr.  9el- 
len  it  probaUj  tke  pcnoa  of  the  HUM  iMM  who  was  Ike  arthor  of  PracUcal 

Navffttioa,  ia  1€09. 
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the  most  powerful  receiTing  and  rettiDing  the  yirtae  from  the  load- 
stone ;  he  also  affirms  that  he  has  fully  satisfied  himself  that  he  can 
infuse  such  virtue  into  a  piece  of  steel,  that  it  shall  take  op  a  piece 
of  iron  of  two  ounces  weight  or  more  ;  and  giTe  also  to  a  needle 
the  Tirtue  of  conforming  to  (he  magnetical  meridian,  without  the 
help  of  a  loadstone    or  anj  thing  else  that  has  received  virtue 

therefrom. 

IPhil.  Trans.  Abr.  1667. 

2.  By  Mr.  {afterwards  Dr.)  Gowan  Knight ;  sheTcn  before  the 
Royal  Society y  November  15^  177^*, 

Mr.  Knight,  of  Magdalen  College,  Oxford,  being  introduced  to 
a  meeting  of  the  Royal  Society  on  Thursday  the  15th  of  Noven. 
ber,  1744,  produced,  before  the  gentlemen  there  present,  several 
curious  artificial  magnets  contrived  by  himself;  some  of  which 
consisted  of  plain  bars  of  steel  naked,  and  others  of  bars  or  blocks 
of  the  same  substance,  armed  with  iron  after  the  common  maoner 
of  natural  loadstones  :  but  as  he  was  apprehensive  the  triaU  he  had 
before  made  of  the  weights  these  magnets  were  respectively  capable 
of  lifting  could  hardly  be  repeated  with  sufficient  exactness,  and 
advantage  before  so  large  a  company,  he  desired  to  refer  himself, 
for  those  particulars,  to  what  the  president  of  the  Society  bad  seen 
at  his  lodgings  on  Wednesday  the  7th,  and  on  Tuesday  the  13th  of 
the  same  month  of  November. 

On  which  the  president  acquainted  the  company,  thai  be  hid 
lately  been  several  times  at  Mr.  Knight's  lodgings,  where  he 
had  seen  many  experiments  made  with  his  artificial  magnets;  and 
that,  particularly  on  the  days  abovementioned,  he  had  been  present, 
and  had  taken  minutes  of  tho  following  trials  then  made  by  that 
gentleman,  by  which  it  appeared,  that — 

A  small  eight.cornered  bar  of  steel,  of  the  length  of  7.10th 
inches,  and  about  half  an  ounce  Troy  weight,  lifted  by  one  of  its 
endfi  about  eleven  of  the  same  ounces* 

That  another  plain  bar  of  steel,  of  a  parallelopiped  form,  of  the 
length  of  5  0.10th  inches,  the  breadth  4.16ths,  and  the  thickness 

*  There  is  auotbcr  paper  containing  an  additional  serin  of  ezperimeBt  M  tke 
fame  subject,  made  hy  the  same  ezperimentists,  contained  in  vol.  lUv.  year 
1747,  of  the  Transactions ;  but  it  is  not  mach  more  than  on  czpaasioa  of  tlMfC 
presented  above.  Epnoa. 
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^.lOtbs  of  an  inch,  weighing  S  oz.  8^  dwt  lifted  by  one  of  its  ends 
twenty  Troj  onnces. 

That  a  steel  bar,  almost  of  the  same  form  at  the  last,  bat  only 
four  inches  in  length,  capped  or  armed  with  iron  at  each  end, 
cramped  with  stiver,  and  weighing  all  together  1  ox.  14  dwt,  lifted 
by  the  feet  of  the  armour  fall  4  lb.  Troy. 

That  a  single  block  of  steel  of  a  parallelopiped  form,  almost  four 
inches  long,  I  ^lOth  inches  in  lieight,  and  4.1Qths  of  an  inch  ia 
thickness,  armed  with  iron,  cramped  with  brass,  suspended  by  a 
ring  of  the  same,  and  weighing  all  together  l4os.  1  dwt.  lifted  by 
the  feet  of  the  armour  14  lb.  3|  oz.  Troy  weight. 

That  a  compound  artificial  magnet  was  also  tried,  consisting  of 
tweWe  ban  of  steel  armed,  and  that  it  was  found  to  lift  by  the  feet 
of  the  annoar,  as  the  last,  %3  lb.  Troy,  3|  oz. 

The  twelve  bars,  composing  this  last  magnet,  were  each  a  little 
more  than  four  inches  long,  3.10ths  of  an  inch  in  breadth,  and 
10.100tht  of  the  same  in  depth,  weighing  one  with  another  about 
95  dwt«  eadi*  They  were  all  placed  one  on  another,  so  as  to  make 
together  ono  paralellopiped  body,  of  the  common  length  and 
breadth  of  the  several  bars,  but  of  the  height  of  near  two  inches, 
being  the  sum  of  the  respective  thicknesses  of  all  the  bars  taken  to- 
gether :  and  this  paralellopiped  body,  being  cramped  with  brass, 
and  fitted  with  a  handle  of  the  same  metal,  was  armed  at  the  two 
ends  that  were  made  up  of  the  common  extremities  of  all  the  bars, 
whh  two  substantial  pieces  of  iron,  after  the  common  manner  of 
arming  natural  loadstones,  the  whole  frame  weighing  together  about 
twenty  ounces  Troy. 

Besides  these,  the  president  made  also  the  following  report  of 
some  trials  be  had  seen  made  at  the  same  time  of  the  effects  of  an 
art  Mr.  Knight  is  master  of,  by  which  he  can  improve  or  increase 
the  lifting  powers  of  natural  loadstones. 

He  carried  with  him«  on  Wednesday  the  7th  of  November,  a 
small  armed  loadstone  belonging  to  an  acquaintance,  which  weighed, 
with  Its  armour,  7  dwt.  14  gr. ;  but  which,  being  reputed  but  of 
no  ungenerous  nature,  took  up,  and  with  some  difficulty,  bartly 
two  ounces.  Mr.  Knight  took  it  into  his  study,  and  returning  it 
in  about  a  minute,  it  then  took  up  more  than  four  ounces  ^ith 
ease  :  but,  on  his  saying  it  would  still  gain  some  more  strength, 
by  remaining  with  him  some  time,  it  was  left  till  the  13th,  when  it 
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tttok  op  distinctly,  wiiblticsBmeapparatusasberore,  fl  oi.  Ifldvt. 
S  gr. ;  since  which  time  it  ha;  also  several  limes  tx-CD  fonad  la  Uft 
nearly  the  same  quanlity.  p 

Mr.  Kni^iit  further,  at  the  same  lime,  showed  the  prMfalealMl 
following  iastnnces  of  his  ability  to  inrert  or  cbangv  Ibe  (KrMfli^ 
of  the  poles  in  natural  loadstont-s. 

Such  a  stone  bdonf^ins  to  Mr.  Francis  Haaksbe^,  weighing  ■! 
5  ox.  14  dwts.  of  an  irregular  cylindrical  rorm,  with  two  of 
sides  somewhat  flntteJ,  on  which  armour  had  formirly  been  a^ 
plied,  had  th«  direction  of  its  polarity  from  onv  tit  these  IUll4 
sides  to  the  other,  notwithstanding  Ihe  stone  had  a  (listincl  ird> 
running  at  right  angles  to  that  direction  It  was  trird,  tnda^ 
served  that  one  of  these  flatted  sides  strongly  allracled  tha  noill 
end,  and  repelled  the  soulh  ;  and  that  the  other  attracted  (k 
south,  and  repelled  Ihe  north  end  of  the  niBgnetir  nrvdle.  Tki 
end  of  the  stone,  attracting  the  soulh  end  of  the  ni-edle,  was  thra 
marked,  by  the  rubbing  of  a  piece  of  silver  upon  it,  as  on  a  tauci- 
stone  ;  after  which,  Mr.  Knight  carried  Ihe  Stone  into  bb  ttm^j; 
and  reproducing  it  in  about  a  minute,  showed  lha,t  the  poles  vm 
then  directly  inrerled  )  and  that  the  same  end,  which  beferrst- 
tracted  the  south  end  of  the  needle,  now  attracted  Ihe  tu>rtb,ia^ 
repi'lled  (he  south,  and  vice  vers^. 

After  (his,  Mr.  Knight,  again  taking  the  stone,  brought  it  bid 
in  as  short  a  lime  as  befor>>,  with  Ihe  direction  of  its  poUrilJ'  tva. 
ed  at  right  angles  to  iis  former  direction,  and  into  Ihe  direclipD  ai 
the  natural  grain  of  the  stone,  ihe  poles  now  lying  rn  the  Hat  twb 
of  the  cylinder  ;  one  of  whicli,  being  the  smoother  etiil,  attradid 
the  soulh  end  of  (he  needle,  while  the  other,  which  watofa  raaf'-n 
texture,  attracted  the  north  end,  and  repelled  Ihe  south  eoil  titbi 
same  :  when  it  was  also  observed,  that  the  poUrity  appon^ 
stronger  in  this  case,  than  cilher  of  the  former. 

Lastly,  Mr.  Knight,  in  altout  the  same  time,  innrtti  lA  W 
direction  of  ibe  polps,  keeping  it  still  p.irallel  lo  ttw  Kxit  of  It* 
cylinder,  liut  causing  Ihe  smooth  end  of  the  stone  l<t  Utraet  iW 
north  end  of  Ihe  magnetic  needle,  and  the  rough  end  to  atlnd  IW 
iHi'ith,  and  repel  ihe  noith  end  of  (lie  same  needle. 

After  this  report,  Mr.  Kniglit    proaeeded  to  show,  at  the  Ian*- 
ing,  tome  of  the  tame  artificial   magnets  (here   nienlionedj  tmi't 
was  found,  that  the  compound  magnet,  consiiting  of  Iwrlvc  sImI 
hich  liod,  in  the  i-i^ieriment  made  br-furo  the  piesidaf, 


t>K    MAON1BTISM.  391 

lifted  tS  lb.  2|  oz.  Troy  weight,  did  here,  under  all  the  ioconye. 
niencies  and  disadvantages  of  a  crouded  room,  still  lift  a  weight 
-amounting  to  21  lb.  11  oz. 

It  was  also  found,  that  the  single  armed  block  of  steel,  which 
had  before  lifted  141b.  2oz.  did  here,  under  the  same  disadvan. 
tages  as  the  former,  lift  131b.  7oz. 

And  lastly,  Mr.  Knight  produced  to  the  company  the  abore. 
mrntioned  natural  loadstone  belonging  to  Mr.  Hauksbee,  but  with 
the  direction  of  its  polarity  again  altered  from  what  it  was,  when  it 
-was  last  seen  by  the  president. 

P.S.  Since  the  artificial  magnets  mentioned  in  the  foregoing 
paper,  Mr.  Knight  has  caused  some  others  to  be  made  of  a  less 
size,  but  of  a  Tery  great  lifting  power :  and  one  of  these,  weigh, 
ing,  whfaont  its  armour,  just  an  ounoe^  and  with  the  armour, 
cramps,  and  rings,  1  oz.  17  dwt.  lifted  6  lb.  10  oz. 

This  magnet  consisted  of  three  plates  of  steel,  eacli  two  inches 
long,  T.lOths  of  an  inch  in  breadth,  and  not  above  6.100ths  of  an 
inch  in  thickness :  they  were  laid  flat  on  each  other,  and  screwed 
together  by  two  small  brass  screws  going  through  the  three  plates. 
After  which,  the  little  parallelopiped  block  so  made  up,  was  armed 
with  iron  at  the  two  ends,  cramped  together  with  silver,  and  fitted 
with  a  double  ring  of  the  same  metal^  for  the  convenient  holding 
of  it 

IPhil.  Trans   1744. 

3.  Btf  Mr.  Benjamin  Wihon. 
Cootaiuiog  an  account  of  Dr.  Knight's  method  of  making  artificial  Loadstones. 

Hie  method  was  this :  having  provided  himself  with  a  large  quan« 
iitj  of  clean  filings  of  iron,  Dr.  K.  put  them  into  a  large  tub  that 
was  more  than  one.third  filled  with  clean  water  ;  he  then,  with 
great  labour,  worked  the  tub  to  and  fro  for  many  hours  togetber, 
that  the  friction  between  the  grains  of  iron  by  this  treatment  might 
break  off  such  smaller  parts  as  would  remain  suspended  in  the  wa« 
ter  for  some  time :  the  obtaining  of  which  very  small  particles 
in  sufficient  quantity  seemed  to  him  to  be  one  of  the  principal  desi. 
derata  in  the  experiment.  The  water  being  by  this  treatment  rrn. 
dered  very  muddy,  he  poured  it  into  a  clean  earthen  vessel,  leaving 
the  filingt  behind  ;  and  when  the  water  had  stood  long  enough  to 
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become  cleari  be*poared  it  out  carefolly,  without  disturbing  sucl 
of  the  iron  sediment  as  still  remained,  which  now  appeared  re* 
duced  almost  to  impalpable  powder.  This  powder  was  afterwards 
removed  into  another  yes^el,  in  order  to  dry  it ;  but  as  he  had  not 
obtained  a  proper  quantity  of  it  by  this  first  step,  he  was  obliged  to 
repeat  the  process  many  times. 

Ha?ing  at  last  procured  enough  of  this  very  fine  powder,  the 
neit  thing  to  b^  dune  was  to  make  a  paste  of  it,  and  that  with  some 
Tehicle  which  would  contain  a  considerable  quantity  of  the  phlo- 
gistic principle  ;  for  this  purpose  he  had  recourse  to  linseed  oil  io 
preference  to  all  other  fluids  With  these  two  ingredients  only,  he 
made  a  stiff  paste,  taking  a  particular  care  to  knead  it  well  before 
be  moulded  it  into  convenient  shapes.  Sometimes,  while  the  paste 
contiuuf  d  in  its  soft  state,  he  would  put  the  impression  of  a  seal  oo 
the  several  pieces;,  one  of  which  is  in  the  British  Museon.  This 
paste  was  then  put  upon  wood,  and  sometimes  on  tiles,  in  order 
to  bake  or  dry  it  before  a  moderate  fire,  at  about  a  foot  distance. 
The  doctor  found,  that  a  moderate  fire  was  most  proper,  because 
a  greater  degree  of  heat  made  the  composition  frequently  crack  io 
many  places. 

J'he  time  required  for  the  baking  or  drying  of  this  paste  wugp- 
ncrally  five  or  six  hours,  before  it  attained  a  sufficient  degree  of 
hardness.  When  that  was  done,  and  the  several  baked  piecii 
were  b<^comi*  cold,  he  gave  them  their  magnetic  virtue  in  any  direo 
tion  he  pleased,  by  placing  them  between  the  extreme  ends  of  his 
large  magazine  of  artificial  magnets  for  a  few  seconds  or  more,  as 
he  saw  occasion.  By  this  method  the  virtue  they  acquired  wis 
such,  that  when  any  one  of  those  pieces  was  held  between  two  of 
his  best  ten  guinea  bars,  with  its  poles  purposely  inverted,  It  iou 
mediately  of  itself  turned  about  to  recover  its  nataral  directioD, 
which  the  force  of  those  very  powerful  bars  was  not  sufficient  to 
^unteract. 

IPhil.  Trans.  1779. 
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AURORA  BOREALIS  AND  AU8TBAL1S. 


SBCTION  I. 

General  Historjf  and  Remarks. 

X  as  readtr  who  carefally  attends  to  the  di^Terent  sections  of  the 
preieol  chapter,  will  see  the  propriety  of  our  baTin;;  preceded  it 
by  a  chapter  explanatory  of  the  general  la  vis  and  phxnomenaof 
Bagnet*sm  :  since  he  will  tind  sufficient  reason,  if  we  mistake  not, 
for  concurring  in  the  general  opinion  of  the  day,  that  this  splendid 
Bettor  is  the  result  of  a  combination  of  the  two  powers  of  mag. 
netism  and  electricity. 

When  the  light  or  aurora  appears  chiefly  in  the  north  part  of 
the  hearens,  it  is  Aurora  Borsalis,  or  Northern  Lights  ;  and 
when  chiefly  in  the  south  part,  Auuoka  Acstualis,  or  douTusRN 
Lights.  Where  the  corruscation  is  more  than  ordinarily  bright 
And  atreamiog,  which,  howe? er,  seldom  occurs  eictf'pt  in  the  north, 
ii  is  denominated  Lumen  Boreale;  and  when*  thesi*  streams  have 
aawaed  a  decided  curvature,  like  that  of  the  rain-bow,  they  are 
dittingoished  by  the  name  of  Luminous  Arches. 

Tha  Aurora  is  chiefly  visible  in  the  winter  season  and  in  frosty 
waather.  it  is  usually  of  a  reddish  colour,  inclining  to  yellow, 
and  sends  out  frequent  corruscations  of  pale  li^ht  which  seem  to 
ris€  from  the  horizon  in  a  pyramidical,  undulating  form,  shooting 
with  great  velocity  up  to  the  zenith.  This  meteor  n<ver  ap|>ears 
Daar  the  equator,  but  ol  late  years  hai»  treque ntly  been  seen  to. 
ward  the  south  pole,  and  when  in  that  situation  is,  as  above,  called 
Aurora  Auitrulis^  or  southern  lij^hts ;  though  this  is  to  Ube  the 
aame  term  in  two  diflerent  senses. 

It  seems  that  the  aurora  borealis  has  appeared  at  some  periods 
more  frequently  than  at  others,  'i'hey  were  so  rare  in  England,  or 
•ke  were  so  little  regarded,  that  none  are  recorded  in  our  aonals 
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between  a  remarkable  one  obserTed  on  the  14th  Norember  I754| 
and  a  Tery  brilliant  one  on  the  6th  jof  March,  1716,  and  the  tvo 
succeeding  nights,  but  tnych  the  strongest  on  the  first  night,  ez« 
cept  that  five  small  one^  were  noticed  in  the  years  1707  and  1708. 
Hence  it  may  be  inferred,  that  either  the  air  or  eaKh,  or  perhaps 
both,  are  not  at  all  times  in  sach  a  state  as  tends  to  produce  this 
phenomenon. 

The  extent  of  these  appearances  are  also  amazingly  great ;  that 
in  March,  1716,  was  Tisible  from  the  west  of  Ireland  to  the  coa- 
fines  of  Russia,  and  the  east  of  Poland,  extending  oTer,  at  least, 
thirty  degrees  of  longitude,  and  from  about  the  fiftietii  degree  of 
latitude  orer  almost  all  the  northern  part  of  Europe ;  and  in  all 
places,  at  the  same  time,  it  exhibited  the  like  wonderful  featvres. 
Father  Boscorich  determined  the  height  of  an  aurora  borealis  ob. 
served  by  the  Marquis  of  Polini,  16th  December,  1737,  and  found 
it  895  mifes  high ;  and  M.  Bergman,  from  a  mean  of  tUrty  com. 
potations,  makes  the  average  height  to  be  70  Swedish,  or  469 
English  miles.     Euler  supposes  the  aurora  to  be  more  than  doable 
that  height ;  but  in  this  opinion  he  stands  alone ;  for  M.  Mahin, 
in  a  treatise  which  he  wrote  eipressly  upon  this  pbenomenoi, 
entitled,  ^<  Traits  Physique  et  Historlque  de  I'Aurore  Borcale," 
fixes  the  height,  on  an  average,  at  17^  leagues  from  the  earth, 
which  is  equal  to  464  English  miles. 

Many  conjectural  opinions  have  been  formed  concerning  tlie 
cause  of  this  phenomenon  ;  Dr.  Haliey  imagined  that  the  watery 
vapours,  or  effluvia,  exceedingly  rarefied  by  subterraneous  (ire, 
and  singed  with  sulphurous  streams,  which  many  naturalists  hifc 
supposed  to  be  the  cause  of  earthquakes,  might  also  be  the  caase 
of  this  appearance ;  or  that  it  is  produced  by  a  kind  of  subtile 
matter  freely  pervading  the  pores  of  the  earth,  and  which  enterio; 
into  it  near  the  southern  pole,  passes  out  again,  with  some  force, 
into  the  ether,  at  the  same  distance  from  the  northern.  The  sab- 
tile  matter,  by  becoming  more  dense,  or  having  its  velocity  in- 
creased, may  perhaps  be  capable  of  producing  a  small  degree  of 
light,  after  the  manner  of  effluvia  from  electric  bodif's,  which  bf 
a  strong  and  quick  friction  emits  light  in  the  dark,  to  which  sort 
of  light  the  aurora  seems  to  bear  a  great  affinity.  Phii.  Trams, 
No.  347. 

M.  de  Mairan,  in  the  treatise  above  quoted,  soppo9ed  its  canft 
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to  be  zodiacal  light;  which,  according  to  him,  is  no  more  than  the 
sun's  atmosphere :  this  lights  happening  on  some  occasions  to  meet 
the  upper  parts  of  oor  hemisphere,  about  the  limits  where  uni* 
Tersai  gravity  begins,  which  it  passes.  On  the  contrary,  £uler 
conceived  ita  cause  to  be  particlps  of  our  atmosphere  driven  be* 
yond  their  limits  by  the  impulse  of  the  solar  light.  He  supposes 
the  zodiacal  light  and  the  tails  of  comets  to  have  a  similar  origin. 

But  ever  since  the  identity  of  lightning  and  of  electric  matter 
has  been  determined,  philosophers  haye  been  led  to  seek  for  the 
explication  of  the  aurora  wholly,  or  for  the  most  part,  in  the  prin- 
ciples of  electricity.     Beside  the  more  obvious  and  known  ap. 
pearances  which  constitute  a  resemblance  between  this  meteor  and 
the  electric  matter  by  which  lightning  is  produced,  it  has  been 
observed  that  the  aurora,  like  lightning,  occasions  a  very  sensible 
fluctuation  in  the  magnetic  needle ;  and  that  when  it  has  extended 
lower  than  usual  in  the  atmosphere,  the  corruscations  have  been 
attended  with  various  sounds  of  rumblings  and  hissing,  especially 
in  Russia,  and  the  other  more  northern  parts  of  Europe,  as  no* 
ticed  by  Signiur  Reccaria  and  M.  Messier.     Mr.  Canton,  soon 
after  he  obtained  electricity  from  the  clouds,  offered  a  conjecture 
that  the  aurora  is  occasioned  by  the  dashing  of  electric  fire  in 
positive  toward  negative  clouds,  at  a  great  distance  through  the 
upper  part  of  the  atmosphere,  where  the  resistance  is  least ;  and 
adds,  that  the  aurora  is  said  by  the  northern  people  to  be  remark- 
ably strong  when  a  sudden  thaw  happens  after  severe  cold.     The 
best  paper  upon  this  subject  is  that  which  was  written  by  Dr, 
Franklin,  and  read  to  the  Royal  Academy  of  Sciences  at  Paris, 
in  1779;  entitled  by  him  ^^  Suppositions  and  Conjectures  towards 
forming  an  hypothesis  for  the  explanation  of  the  Aurora  Borealis." 
His  reasoning  is  as  follows  :  ^^  Air  heated  by  any  means  becomes 
rarefied,  and  specifically  lighter  than  other  air  in  the  same  situa. 
tion  not  heated ;  and  when  lighter  it  rises,  and  the  neighbouring 
cooler  and  heavier  air  takes  its  place.    If  in  the  middle  of  a  room 
you  heat  the  air  by  a  stove,  or  pot  of  burning  coals,  near  the 
floor,  the  heated  air  will  rise  to  the  ceiling,  spread  over  the  cooler 
air  till  it  comes  to  the  cold  walls ;  there  being  condensed  and 
made  heavier,  it-  descends,  to  supply  the  place  of  that  cool  air 
which  had  moved  towards  the  stove  or  fire,  in  order  to  supply  the 
place  of  the  betted  air  which  had  descended.    Thai  there  will 
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be  a  continual  circulation  of  air  in  the  room,  which  may  be  ren. 
dered  visible  bv  making  a  little  smoke,  fur  that  smoke  will  rise 
and  circulate  uiih  the  air. 

^'  A  similar  0|.eration  is  performed  by  nature  on  the  air  of  this 
globe.  Above  the  lower  regions  of  our  atmosphere  the  air  is  so 
rare  as  to  be  almost  a  Tacuum.  The  air  heated  between  the  tropics 
b  contiiiually  rising  ;  its  place  is  supplied  by  northerly  and  south, 
eriy  winds,  uLich  come  from  the  cooler  regions.  The  light  heated 
air  floating  aboTe  the  cooler  and  denser,  must  spread  northward 
and  southward,  and  dt:bceiid  near  the  two  poles,  to  supply  the 
place  of  the  cool  air,  which  had  moved  towards  the  equator.  Thus 
a  circulation  of  air  is  kept  up  in  our  atmosphere,  as  in  the  room 
above  mentioned.  That  heavier  and  lighter  air  may  move  in  cor. 
rents  of  diflerent  and  opposite  directions,  appears  sometioief  by 
the  clouds  that  happen  to  be  in  those  currents,  as  plainly  as  by 
the  smoke  in  the  experiment  above  mentioned ;  also,  in  opening 
a  door  between  two  chambers,  one  of  wliich  has  been  warmed, 
by  holdiug  a  candle  near  the  top,  near  the  bottom,  and  near  the 
middle,  you  will  find  a  strong  current  of  warm  air  passing  oat  of 
the  warmed  room  above,  and  another  of  cool  air  entering  bek>w, 
while  in  the  middle  there  is  little  or  no  motion. 

'^  The  great  quantity  of  vapour  rising  between  the  tropics  forms 
clouds,  which  contain  much  electricity  ;  some  of  them  fall  in  raio, 
before  they  come  to  the  polar  regions.  Every  drop  brings  down 
some  electricity  with  it;  the  same  is  done  by  snow  or  hail;  the 
electricity  so  descending,  in  temperate  climates,  is  received  and 
imbibed  by  the  earth,  if  the  clouds  be  not  sufficiently  discharged 
by  this  gradual  operation,  they  sometimes  discharge  themselTes 
suddenly^  by  striking  into  the  earth,  where  the  earth  is  fit  to  re- 
ceive their  electricity.  The  earth,  in  temperate  and  warm  climates, 
is  generally  fit  to  receive  it,  being  a  good  conductor. 

^^The  humidity  contained  in  all  the  equatorial  clonds  thatreack 
the  polar  regions,  must  there  be  condensed,  and  fall  in  snow. 
The  great  cake  of  ice  that  eternally  covers  those  regions  may  be 
too  hard  frozen  to  permit  the  electricity,  descending  with  that 
snow,  to  enter  the  earth.  It  may  therefore  be  accumulated  npoa 
that  ice.  The  atmosphere  being  heavier  in  the  polar  regions  thaa 
in  the  equatorial,  will  there  be  lower;  as  well  from  that  canse^ 
as  from  the  smaller  effect  of  the  centrifugal  force :  consequently 
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the  distance  of  the  vacuam  abo?e  the  lower  part  of  the  atmosphere 
will  be  less  at  the  poles  than  elsewhere,  and  probably  much  less 
than  the  distance  (upon  the  surface  of  the  globe)  extending  from 
the  pole  to  those  latitudes  in  which  the  earth  is  so  thawed  as  to 
receire  and  imbibe  electricity.  May  not  then  the  great  quantity 
of  electricity  brought  into  the  polar  regions  by  the  clouds,  which 
are  condensed  there,  and  fall  in  snow,  which  electricity  would 
enter  the  earth,  but  cannot  penetrate  the  ice ;  may  it  udt,  as  a 
bottle  overcharged,  break  through  that  low  atmosphi-re,  and  run 
along  in  the  Tacnnm  oyer  the  air  towards  the  equator ;  diverging 
as  the  degrees  of  longitude  enlarge ;  strongly  visible  where 
densest,  and  becoming  less  visible  as  it  more  diverges;  till  it  finds 
a  passage  to  the  earth  in  more  temperate  climates,  or  is  mingled 
Hith  the  upper  air  ?  If  such  an  operation  of  nature  were  really 
performed,  would  it  not  give  all  the  appearances  of  an  aurora 
borealis?  And  would  not  the  auroras  become  more  frequent  after 
the  approach  of  winter ;  not  only  because  more  visible  in  Ioniser 
nights,  bat  also  because  in  summer  the  long  presence  of  the  son 
may  loflen  the  surface  of  the  great  ice-cake,  and  render  it  a  con. 
ductor,  by  which  the  accumulation  of  electricity  in  the  polar 
regions  will  be  prevented  ? 

^^  The  atmosphere  of  the  polar  regions  being  made  more  dense 
by  the  extreme  cold,  and  all  (ho  moisture  in  th^it  air  bein^  frozen, 
may  not  any  great  light  arising  therein,  and  passing  through  it, 
render  its  density  in  some  degree  vi<iible  during  the  night  time,  to 
those  who  live  in  rarer  air  of  more  southern  latitudes  ?  And 
woald  it  not  in  that  case,  although  in  itself  a  complete  and  full 
circle,  extending  perhaps  ten  degrees  from  the  pole,  api^ar  to 
spectators  so  placed  (who  could  see  only  a  part  of  it)  in  thf*  form 
of  a  segment,  its  chord  resting  on  the  horizon,  and  its  arch 
elevated  more  or  less  above  it,  as  beheld  from  latitudes  more  or 
less  distant ;  darkish  in  colour,  but  yet  sufficiently  transparent  to 
permit  some  stars  to  be  seen  through  it. 

^^  The  rays  of  electric  matter  issuing  out  of  a  body,  diverge  by 
mutaally  repelling  each  other,  unless  there  be  some  conducting 
body  Dear  to  receive  them  :  and  if  that  conducting  body  be  at  a 
greater  distance,  they  will  first  diverge,  and  then  converge,  in 
order  to  enter  it.  May  not  this  accouiit  for  some  of  the  varieties 
of  figures^  seen  at  times,  in  the  motions  of  the  luminous  matter  of 
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the  auroras:  since  it  is  possible,  that  in  passing  oyer  the  atmo. 
sphere  from  the  north,  in  all  directions  or  meridians,  towards  the 
equator,  the  ra)S  of  that  matter  may  find,  in  many  places,  por* 
tions  of  cloudy  region,  or  moist  atmosphere  under  them,  which 
(being  in  the  natural  or  negatiye  state)  may  be  fit  to  receive  them, 
and  towards  which  they  may  therefore  converge :  and  when  one 
of  those  receiving  bodies  is  more  than  saturated,  they  maj  agait 
diverge  from  it,  towards  other  surrounding  masfes  of  such  humid 
atmosphere,  and  thus  form  the  crowns,  as  they  are  called,  and 
other  figures  mentioned  io  the  histories  of  this  meteor  ?'* 

That  similar  corruscations  are  frequently  visible  in  southerti  lati. 
tndes  was  not  known  until  Captain  Cook  made  his  first  T03rage 
round  the  world.  He  speaks  of  an  appearance  of  this  kind 
on  the  16th  of  September,  1770,  about  ten  o'clock  at  night; 
it  consisted  of  a  dull,  reddish  light,  and  reached  about 
twenty  degrees  above  the  horizon ;  its  extent  was  very  dif. 
ferent  at  different  times,  but  it  was  never  less  than  eight  or  ten 
points  of  the  compass.  Through  and  out  of  this,  passed  rays 
of  light  of  a  brighter  colour,  which  vanished  and  were  renewed 
nearly  in  the  same  time  as  those  in  the  aurora  borealis,  but  had 
little  or  no  vibration.  The  body  of  it  bore  S.S.E.  from  the  ship; 
and  continued  without  any  diminution  of  its  brightness  till  twelve 
o^clock,  when  the  observers  retired.  The  ship  was  at  this  time 
within  the  tropic  of  Capricorn. 

In  the  course  of  his  second  voyage.  Captain  Cook  remarks, 
that  on  February  1 7,  1 773,  ^^  a  beautiful  phenomenon  was  ob« 
served  in  the  heavens ;  it  consisted  of  long  colours  of  a  .dear 
white  light,  shooting  up  from  the  horizon  to  the  eastward,  almost 
to  the  zenith,  and  spreading  gradually  over  the  whole  southern 
part  of  the  sky.  These  columns  evon  sometimes  bent  sideways 
at  their  upper  extremity  ;  and  though  in  most  respects  similar  to 
tlie  northern  lights,  (Aurora  Borealis  of  our  hemisphere)  yet 
differed  from  them  in  being  always  of  a  whitish  colour;  whereas 
ours  assume  various  tints,  especially  those  of  a  fiery  and  purple 
hue.  The  stars  were  sometimes  hid  by,  and  sometimes  faintly  to 
be  set-n  through  the  substance  of  these  southern  lights,  Aurora 
Austraiis.  The  sky  was  generally  clear  when  they  appeared,  ' 
and  the  air  sharp  and  cold,  the  thermometer  standing  at  the  freez. 
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iDg  point;  the  ship  being  then  in  £8°  south.*"  Forstcr  speaks  of 
the  same  phxoomenon,  as  well  as  six  others,  on  di/Terent  nights, 
as  February  19,  SO,  21,  and  26,  March  15  and  20.+ 

Daltou  conceWes,  and  it  is  the  common  hypothesis  of  the  day, 
that  the  apparent  beams  of  the  aurora  are  the  projections  of  cylin- 
drical portions  of  a  magnetic  fluid,  which  are  actually  parallel  to 
the  dipping  needle,  and  hence  seem  to  conTerge  to  the  magnetic 
pole ;  and  that  the  light  is  produced  by  the  transmission  of  elec- 
tricity through  them,  which  somewhat  disturbs  their  magnetic  pro- 
perties. The  arches  are  always  perpendicular  to  the  magnetic 
ineridiaD;  and  being  more  permanent  in  their  form,  afford  an 
opportUDity  of  determining  the  height;  which  from  one  observa- 
tion, oo  a  base  of  22  miles,  Dalton  calculated  to  be  150  miles. 

This  calculation  is  almost  a  mean  between  the  computations  of 
other  observers:  for  while  Cavendish  states  it  at  from  52  to  71 
miles,  Cramer  advances  it  to  160  leagues,  and  Eames  to  not  less 
than  200  leagues.  Cavendish,  however,  admits  that  the  nature  of 
the  ligbt  Biay  make  the  appearance  different  in  different  places, 
and  rendtn  distant  observations  fallacious. 

Eames  supposes  the  aurora  to  be  derived  from  the  san*s  atmo- 
sphere, extending  in  some  directions  beyond  the  earth*8  orbit ;  and 
attribntes  the  nebulae  of  stars  and  the  tails  of  comets  to  a  similar 
substance. 

Van  Swinden  observes  that  the  variation  of  the  magnetic  needle 
increases  when  the  aurora  borealis  is  approaching.|| 

Wion  remarks,  that  the  aurora  is  generally  followed  the  day 
after  by  a  stream  from  the  south  or  southwest.^ 

Biagden  and  Gmelin  offer  several  testimonies  of  a  rustling  noise 

that  occasionally  accompanied  it4 

EnitoR. 


•  Second  Voyage,  1.  5S. 

f  Observatioot  in  a  Voyage  round  the  World,  p.  ISO. 

I  Petr.  Acad.  1783« 

S  Phil.  Trans,  1774, 

t  Id. 1781. 
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SECTION    II. 

Account  of  surprising  Tights  in  the  Air^  March  6,  1716 ;  with 
an  attempt  to  explain  their  principal  Phosnomena, 

By  EdmuDd  Hallry,  J.V.D.  Savilian  Professor  of  Geometry,  Ozod,  wad 

Secretary  to  the  Royal  Society. 

On  Tuesday,  March  6,  O.  S.  1716,  the  afternoon  having  been 
▼ery  sereiif*  and  calm,  and  somewhat  warmer  than  ordinary,  tbont 
seven  o'clock,  out  of  what  seemed  a  dusky  cloud,  in  the  N.E«  parts 
of  the  heaven,  and  scarcely  ten  degrees  high,   the  edges  of  which 
were  tinged  with  a  reddish  yellow,  as  if  the  moon  bad  been  hid 
behind  it,  there  arose  very  long  luminous  rays  or  straalcs,  per- 
pendicular to  the  horizon,  some  of  which  seemed  nearl/  to  ascend 
to  the  zenith.     Presently  after,  that  reddish  cloud  was  swiftly  pro* 
pagnted  along  the  northern  horizon,  into  the  N.  W.  and  sdU  far. 
ther  westerly  ;    and  immediately  sent  forth  its  rays  alter  tlie  saaic 
manner  from  all  parts,  now  here,  now  there,  observing  no  rvle  or 
order  in  their  rising.     Many  of  these  rays  seeming  to  concor  neu 
the  zenith,  formed  there  a  corona,  or  image,  which  drew  the  at- 
tention of  all  spectators,  who  according  to  their  several  concep- 
tions made  very  differing  resemblances  of  it ;  but  by  which  con- 
pared  together,  those  that  saw  it  not  may  well  comprehend  after 
what  manner  it  appeared.      All   agree  that  this  spectrum  lasted 
only  a  f <  w  minutes,  and  showed  itself  variously  tinged  with  co- 
lours, yellow,   red,  and  a  dusky  green ;  nor  did  it  keep  in  tht 
same  place  ;  for  when  first  it  began  to  appear,  it  was  seen  afittle 
to  the  northward  of  the  zenith  ;  but  gradually  declining  toward  the 
south,  the  long  striae  of  light,  which   arose  from   all  parts  of  the 
northern  semicircle  of  the  horizon,  seamed  to  meet  together,  not 
much  above  the  head  of  Castor,  or  the  northern  Twin,  and  there 
soon  disappeared. 

After  the  first  impetus  of  this  ascending  vapour  was  over,  the  co- 
rona we  have  been  describing  appeared  no  more  ;  but  still,  with* 
out  any  order  as  to  the  time,  or  place,  or  size,  luminous  radii  like 
the  form*  r  continued  to  arise  perpendicularly.  Nor  did  they  pro- 
ceed as  at  first,  out  of  a  cloud,  but  oftener  would  emerge  at  once 
out  of  the  pure  sky,  which  was  at  that  time  more  than  ordinary  ss* 
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rene  and  still.  Nor  were  they  all  of  the  same  form.  Most  of 
them  seemed  to  end  in  a  point  upwards,  like  ereet  cones  ;  others 
like  truncated  cones  or  cylinders,  so  much  resembled  the  long  tails 
Df  comets,  that  at  first  sight  they  might  well  be  taken  for  such. 
Again,  some  of  these  rays  would  continue  visible  for  several  mt. 
nutes  ;  when  others,  and  those  the  much  greater  part,  just  shewed 
themselres,  and  died  away.  Some  seemed  to  have  little  motion, 
and  to  stand  as  it  were  fixed  among  the  stars,  while  others  with  a 
very  perceptible  translation  moved  from  east  to  west  under  the  pole, 
contrary  t6  the  motion  of  the  heavens  ;  by  which  means  they 
would  sometimes  seem  to  run  together,  and  at  other  times  to  fly 
one  another,  affording  a  surprising  spectacle  to  the  beholders. 

After  this  sight  had  continued  about  an  hour  and  a  half,  the 
beams  begarf  to  rise  much  fewer  in  number,  and  not  near  sd  high, 
and  gradtiallj  that  diffused  light,  which  had  illustrated  the  north. 
crn  parts  of  the  hemisphere,  seemed  to  subside,  and  settling  on  the 
horizon  formed  the  resemblance  of  a  very  bright  crepusculum. 
On  the  first  information  of  the  thing,  I  immediately  ran  to  the 
windows,  which  happened  to  look  to  the  south  and  smith  west 
quarter  ;  and  soon  perceived,  that  though  the  sky  was  very  clear, 
jet  it  was  tinged  with  a  strange  sort  of  Ight  ;  so  that  the  smaller 
stars  were  scarcely  to  be  seen,  and  much  as  it  is  when  the  fnc  on  of 
four  days  old  appears  after  twilight.  We  perceived  a  very  thin 
vapour  pass  before  us,  which  arose  from  the  precise  east  part  of  the 
horizon,  ascending  obliquely,  so  as  to  leave  the  zeniili  about  fifteen 
or  twenty'  degrees  to  the  northward.  But  the  swiftness  with 
which  it  proceeded  was  scarcely  to  be  believed,  seeming;  not  infi^. 
rior  to  that  of  lightning  ;  and  exhibiting  as  it  passed  on  a  sort  of 
momentaneoQS  nubecula,  which  discovered  itself  by  a  very  diluted 
and  faint  whiteness  ;  and  was  no  sooner  formed,  but  before  the 
eye  could  well  take  it,  it  was  gone,  and  left  no  signs  behind  it. 
Nor  was  this  a  single  appearance  ;  but  for  several  minutes,  about 
nx  or  seven  times  in  a  minute,  it  was  again  and  again  repeated  ; 
these  waves  of  vapour,  if  I  may  j-o  call  it,  regularly  succeeding  one 
another,  and  nearly  at  equal  intervals  ;  all  of  them  in  their  ascent 
producing  a  like  transient  nubecula. 

By  this  particular  we  were  first  assured,  that  the  vapour  we 
saw,  whatever  it  was,  became  conspicuous  by  its  own  proper  light, 
Irithont  help  of  the  sun's  beams  ;  for  these  nubecula  did  not  disco* 

VOL.  IV.  2  n 


400,  SCEPRISING  LIGHTS  IN  THE  AIR. 

Ter  themself  es  in  any  other  part  of  their  passage,  bnt  onljr  between 
the  south-east  and  south,  where  being  opposite  to  the  sun  thej 
were  deepest  immersed  in  the  cone  of  the  earth*s  shadow,  nor  were 
they  viiiible  before  or  after.  Whereas  the  contrary  must  have  hap. 
pened,  had  they  borrowed  their  light  from  the  sun. 

A  little  after  ten  o'clock,  we  found,  on  the  western  side,  viz. 
between  the  W.  and  N.W.  the  representation  of  a  Tery  bright 
twilight,  contiguous  to  the  horizon  ;  out  of  which  there  arose  reiy 
long  beams  of  light,  not  exactly  erect  toward  the  vertex^  but  some, 
thing  declining  to  the  south,  which  ascending  by  a  quick  and  undu. 
lating  motion  to  a  considerable  height,  vanished  in  a  little  time ; 
while  others,  though  at  uncertain  intervals,  supplied  their  place. 
But  at  the  same  time,  through  all  the  rest  of  the  northern  horizon, 
Tiz.  from  the  north  west  to  the  true  east,  there  did  not  appear  anj 
sight  of  ligh^to  arise  from,  or  join  to,  the  horizon  ;  baton  the  coo. 
trary,  what  appeared  to  be  an  exceedingly  black  and  dismal  cload 
seemed  to  hang  over  all  that  part  of  it.  Yet  it  was  no  cloud,  hot 
only  the  serene  sky  more  than  ordinary  pure  and  limpid,  so  that  the 
bright  stars  shone  clearly  in  it,  and  particularly  Cauda  Cygoi  then 
Tery  low  in  the  north  ;  the  great  blackness  manifestly  proceeding 
from  the  neighbourhood  of  the  light  which  was  collected  above  it. 
For  the  light  had  now  put  on  a  form  quite  different  from  all  that 
wc  have  hitherto  described,  and  had  fashioned  itself  into  the  shape 
of  two  laminae  or  streaks,  lying  in  a  position  parallel  to  the  hori- 
zon, whose  edges  were  but  ill  terminated.  They  extended  tbeo. 
selves  from  the  N.  by  E.  to  the  north  east,  and  were  much  aboat 
a  degree  broad  ;  the  undermost  about  eight  or  nine  degrees  high, 
and  the  other  about  four  or  five  degrees  over  it ;  these  kept  their 
places  for  a  long  time,  and  made  the  sky  so  light,  that  I  beliere  a 
man  might  easily  have  read  an  ordinary  print  by  it. 

While  we  stood  astonished  at  this  surprising  sight,  and  expecdi^ 
what  was  further  to  come,  the  northern  end  of  the  upper  knunsbj 
degrees  bent  downwards,  and  at  length  closed  with  the  end  of  the 
other  that  was  under  it,  so  as  to  shot  up  on  the  north  side  an  inter- 
mediate space,  which  still  continued  open  to  the  east.  Not  long 
after  this,  in  the  said  included  space,  we  saw  a  great  number  of 
small  columns  or  whitish  streaks  to  appear  suddenly,  erect,  to  the 
horizon,  and  reaching  from  one  lamina  to  the  other  ;  which  iostiot. 
ly  disappearing,  were  too  quick  for  the  eye,  so  that  we  could  ott 
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judge  whether  thej  arose  from  the  under  or  fell  from  the  upper, 
but  bj  their  suddrn  alterations  thej  made  snch  an  apjiearance  as 
might  well  be  taken  to  resemble  the  conflicts  of  men  in  battle. 

And  much  about  the  same  timi'^  to  increase  our  wonder,  there 
began  on  a  sadden  to  appear,  low  under  the  pole  and  very  near 
due  north,  three  or  four  lucid  areas  like  clouds,  disrcyering  them* 
seUes,  in  the  pure  but  very  black  sky,  by  their  yellowish  light. 
These,  as  they  broke  out  at  once,  so  after  they  had  continued  a 
few  minutes,  disappeared  as  quick  as  if  a  curtain  had  been  drawa 
OTer  them.  They  were  of  no  determined  figure,  but  both  in 
shape  and  size  might  properly  be  compared  to  small  clouds  illumi- 
nated by  the  full  moon,  but  brighter. 

Not  long  after  this,  from  above  the  aforesaid  two  laminae,  there 
arose  a  Tery  great  pyramidical  figure,  like  a  spear,  sharp  at  the 
top,  whose  sides  were  inclined  to  each  other  with  an  angle  of 
about  four  or  five  degrees,  and  which  seemed  to  reach  up  to  the  ze- 
nith, or  beyond  it.  This  was  carried  with  an  equable  and  not  very 
slow  motion,  from  the  N.E.  where  it  arose,  into  the  N.W.  where  it 
disappeared,  still  keeping  a  perpendicular  situation,  or  very  near 
it;  and  passing  successively  over  all  the  stars  of  the  Little  Bear,  did 
not  efiace  the  smaller  ones  in  the  tail,  which  are  but  of  the  fifth 
magnitude ;  such  was  the  extreme  rarity  and  perspicuity  of  the 
matter  it  consisted  of. 

This  single  beam  was  so  far  remarkble  above  all  those  that  for 
a  great  while  before  had  preceded  it,  or  that  followed  it,  that  if 
its  situation  among  the  circumpolar  stars  had  at  the  same  instant 
been  accurately  noted,  for  example,  at  London  and  Oxford,  whose 
difference  of  longitude  is  well  known,  we  might  be  enabled  with 
some  certainty  to  pronounce,  by  its  diver sitai  aspectiiy  concerning 
its  distance  and  height ;  which  was  doubtless  very  great,  though  as 
yet  we  can  no  wise  determine  them.  But  as  this  phenomenon 
found  all  those  that  are  skilled  in  the  observation  of  the  heavens 
unprepared,  and  unacquainted  with  what  was  to  be  expected  ;  so 
it  left  them  all  surprised  and  astonished  at  its  novelty.  When 
therefore  for  the  future  any  such  thing  shall  happen,  all  those  that 
are  curious  in  astronomical  matters,  are  hereby  admonished  and 
entreated  to  set  their  clocks  to  the  apparent  time  at  Liondon,  for 
example,  by  allowing  so  many  minutes  as  is  the  difi*erence  of  me« 
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ridians,  and  then  to  note  at  the  end  of  eyerj  half  hour  preciselyi 
the  exact  situation  of  what  at  that  time  appears  remarkable  in  the 
sky,  and  particularly  the  azimuths  of  those  Tery  tali  pyramids 
so  eminent  aboTe  the  rest,  and  therefore  likely  to  be  seen  fmrtbest; 
that  by  comparing  those  observations  taken  at  the  same  moment  in 
distant  places,  the  difference  of  their  azimuths  may  serve  to  deter* 
mine  how  far  thuse  pyramids  are  from  us. 

It  being  now  past  11  o'clock,  and  nothing  new  offering  itself  to 
our  view,  but  repeated  phases  of  the  same  spectacle,  we  thought 
it  no  longer  worth  while  to  bear  the  chill  of  the  night  air  sub  dio. 
Therefore  returning  to  my  house,  I  made  haste  to  my  upper  wio. 
dows,  which  conveniently  enough  look  to  the  N.E.  parts  of  hea- 
ven, and  soon  found  that  the  two  laminae  or  streaks  parallel  to  the 
horizon,  of  which  we  have  been  speaking,  had  now  wholly  disap- 
peared :  and  the  whole  spectacle  reduced  itself  to  the  resemblance 
of  a  very  bright  crepusculum,  settling  on  the  northern  horizon, 
so  as  to  be  brightest  and  highest  under  the  pole  itself;  from 
whence  it  spread  both  ways,  into  the  N.E.  and  N.W.  Under  this, 
in  the  middle  of  it,  there  appeared  a  very  black  space,  as  it  weie 
the  segment  of  a  lesser  circle  of  the  sphere  cut  off  by  the  horisoo. 
It  seemed  to  the  eye  like  a  dark  cloud,  but  was  not  so  ;  for  by 
the  telescope  the  small  stars  appeared  through  it  more  clearty  thso 
usual,  considering  how  low  they  were  ;  and  on  this  as  a  basis  onr 
lumen  auroriforme  rested,  which  was  a  segment  of  a  ring  or  zone 
of  the  sphere,  intercepted  between  two  parallel  lesser  circles,  cut 
off  likewise  by  the  horizon  ;  or,  if  you  please,  the  segment  of  s 
very  broad  iris,  but  of  one  uniform  colour,  viz.  a  flame.cokNir 
inclining  to  yellow,  its  centre  being  about  forty  degrees  below  the 
horizon.  And  above  this  there  were  seen  some  rudiments  of  a  mseh 
larger  segment,  with  an  interval  of  dark  sky  between  ;  hnt  this 
was  so  exceedingly  faint  and  uncertain,  that  I  could  make  no  prs* 
per  estimate  of  it. 

I  was  very  desirous  to  have  seen  how  this  phaenomenon  would 
end,  and  attended  it  till  near  three  in  the  morning,  and  the  rising 
of  the  moon  ;  but  for  above  two  hours  together  it  had  no  manner 
of  change  in  its  appearance,  nor  diminution  nor  increase  of  light: 
only  sometimes  for  very  short  intervals,  as  if  new  fuel  had  been 
oast  on  a  fire,  the  light  seemed  to  undulate  and  sparkle,  not  nolikt 
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the  rising  vaponrous  smoke  out  of  a  grcmt  blaze  when  agitated. 
Bot  one  thing  I  assured  myself  of  by  this  attendance  and  watching, 
▼is.  that  this  iris-like  figure  by  no  means  owed  its  origin  to  the 
fun's  beams ;  for  that  about  three  in  the  morning,  the  sun  being  in 
the  middle  between  the  north  and  east,  our  aurora  had  not  follow. 
ed  him,  but  ended  in  that  Tery  point  where  he  then  was  ;  whereas 
in  the  true  north,  which  the  sun  had  long  passed,  the  light  re. 
mained  oochanged,  and  in  its  full  lustre. 

Thus  far  I  haTe  attempted  to  describe  what  was  seen,  and  am 
heartily  sorry  I  can  say  no  more  as  to  the  first  and  most  surprising 
part  thereof,  which  howefer  frightful  and  amazing  it  might  seem 
to  the  Yalgar  beholder,  would  have  been  to  me  a  most  agreeable 
and  wished-for  spectacle  ;  for  I  then  should  have  contemplated 
propriii  oculisM  the  several  sorts  of  meteors  I  remember  to  have 
hitherto  heard  or  read  of.  This  was  the  only  one  I  had  not  as  yet 
seen,  and  of  which  I  began  to  despair,  since  it  is  certtoin  it  has  not 
happened  to  any  remarkable  degree  in  this  part  of  p]ngland  since 
I  was  born  :  nor  is  the  like  recorded  in  the  English  annals  since 
the  year  of  our  L.ord  1574,  that  is  above  140  years  since,  in  the 
reign  of-Qaeen  ElizaDeth.  Then,  as  we  are  told  by  the  hj€torians 
of  those  times,  Caiobden  and  Stow,  eve.witnesses  of  sufficient  ere. 
dit,  for  two  nights  successively,  viz.  on  the  14th  and  15th  of  Nov. 
that  year,  much  the  same  wonderful  pha*nomena  were  seen,  with 
almost  all  the  same  circumstances  as  now. 

Nor  indeed,  during  that  reign,  was  this  so  rare  a  sight  as  it  hag 
been  dnce.  For  we  find  in  a  book  entitled,  A  Description  of  Me* 
teors,  reprinted  at  London  in  the  year  1654,  signed  W.  F.  D.D. 
tiiat  the  same  thing,  which  the  author  there  calls  Burning  Spears, 
was  seen  at  London  on  January  30,  15oO  ;  and  again  by  the  tes. 
timonj  of  Stow,  on  the  7th  of  October,  1564.  And  from  foreign 
Aothors  we  learn,  that  in  the  year  1575  the  same  was  twice  repeated 
in  Brabant,  yiz.  on  the  13th  of  February  and  28th  of  September  ; 
and  seen  and  described  by  Cornelius  Gemma,  professor  of  medi. 
cine  in  the  university  of  Lovain,  and  son  of  Gemma  Frisius  the 
mathematician.  In  a  discourse  he  wrote  on  the  prodigies  of  those 
times,  after  several  ilUboding  prognostics,  be  thus  very  properly 
describes  the  cupola  and  corona  he  saw  in  the  Chasma,  as  he  calls  it, 
pf  February.     **  A  little  after,"  says  he,  *'  spears  and  new  ilameff 
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arisiog  the  skj  seemed  to  be  all  on  a  flame,  from  the  north  quite 
up  to  the  zenith  ;  and  at  last,  the  face  of  the  skj  was,  for  a  whole 
hour  together,  changed  into  the  uncommon  form  of  a  dice.boi,tbe 
blue  and  u'hite  changing  alternately,  with  no  less  swiftness  aad 
▼ertigious  motion  than  the  sun  beams  do,  when  reflected  from  a 
mirror." 

Here  it  is  not  a  little  remarkable,  that  all  these  four  alresdf 
mentioned  fell  exactly  on  the  same  age  of  the  moon,  viz.  mbout  tws 
days  after  the  change. 

As  to  the  other  of  September  in  the  same  year  1575,  Gemat 

writes ;  ^^  The  form  of  the  Chasma,  of  the  28th  of  September  kL 

lowing,  immediately  after  sun  set,  was  indeed,  less  dreadful,  bat 

still  more  confused  and  various ;  for,  in  it  were  seen  a  great  maay 

bright  arches,  out  of  which  gradually  issued  spears,  citief  wiCJi 

towers  and  men  in  battle  array  ;  after  that,  there  were  excorsioos 

of  rays  ejory  way,  wares  of  clouds  and  battles ;  motnaUy  purtaed 

and  fled,   and  wheeling  round  in  a  surprising  manner.^*    Froa 

hence  it  is  manifest  that  this  pheomenon  appeared  in  our  nei^ 

bourhood  three  several  times,  and  that  with  considerable  intemlSy 

within  the  compass  of  one  year  ;  though  our  English  histomsi 

have  not  recorded  the  two  latter ;  nor  did  Gemma  see  that  ef 

November,  1 574,  probably  by  reason  of  clouds.    After  thb,  in  tht 

year  1 580^  we  have  the  authority  of  Michael  M oistlin,  (himself s 

good  astronomer,  and  still  more  famous  for  having  had  the  boooor 

to  be  the  great  Kepler's  tutor  in  the  sciences)   in  his  book  de 

Cometa,  1580,  that  at  Baknang  in  the  country  of  Wirtemburgia 

Germany,   these  chasmata,  as  he  likewise  stiles  tbem^  were  seet 

by  himself  no  less  than  seven  times  within  the  space  of  twelve 

months.     The  first  and  most  considerable  of  these,  was  on  the  veiy 

same   day  uf  the  month  with  ours,   viz.  on  Sunday  the  6th  sf 

March,  and  was  attended  with  much  the  same  circumstances.   And 

again,  the  same  things  were  seen  in  a  very  extraordinary  Banner 

on  the  9th  of  April  and  10th  of  September  following  :  but  in  a  kfl 

degree,  on  the  6th  of  April,  ^  1st  of  September,  26th  of  December, 

and  i6th  of  February  1581  :  the  last  of  which,  and  that  of  tbt 

21st  of  September  must  needs  have  been  irfore  considerable  tbu 

they  then  appeared,  because  the  moon  being  near  tbe  full,  necesM. 

rily  effaced  all  the  fainter  lights.     Of  all  these  however  oo  one 

is  mentioned  in  our  annals  to  have  been  seen  in  England,  nor  hi 
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any  other  place  that  I  can  fiod  ;  such  was  the  neglect  of  curious 
matter  in  those  days. 

The  next  in  order  that  we  hear  of,  was  that  of  the  year  1621,  on 
September  the  *2d.  O.  S.  seen  all  over  France,  and  is  well  described 
by  Gassendus  in  bis  physics,  who  gives  it  the  name  of  aurora  bore- 
alls.  This,  though  little  inferior  to  what  we  lately  saw,  and  ap- 
pearing to  the  northwards  both  of  Rouen  and  Paris,  is  no  where 
said  to  have  been  observed  in  England,  over  which  the  light  seemed 
to  lie.  And  since  then,  for  above  80  years,  we  have  no  account  of 
any  such  sights  either  at  home  or  abroad  :  though  for  above  half 
that  time,  these  Philos.  Trans,  have  been  a  constant  register  of  all 
fiuch  *'Xtraordinary  occurrences.  The  first  we  find  on  our  books, 
was  one  of  small  continuance,  seen  in  Ireland  by  Mr.  Nave,  Nov. 
10,  1/07  ;  of  which  see  Phiios.  Trans.  No.  320.  And  in  the  Mis. 
ceiianea  Berolinensia,  published  in  I7IO,  we  learn  that  in  the  same 
year  1707,  both  on  January  24,  and  February  18,  O.S.  something 
of  tiiis  kind  was  seen  by  M.  Olaus  Romer,  at  Copenhagen  :  and 
again  February  "iS^  the  same  excellent  astronomer  observed  there 
such  anoth^'r  appearance,  but  much  more  considerable ;  of  whidi 
yet  he  only  saw  the  beginning,  clouds  interposing.  But  the  same 
was  seen  that  night  by  Mr.  Gottfried  Kirch  at  Berlin,  about  200 
miles  from  Copenhagen,  and  lasted  there  till  past  ten  at  night.  To 
these  add  another  small  one  of  short  duration,  seen  near  London,  a 
little  before  midnight  between  the  i)th  and  1 0th  of  August,  1708, 
by  the  Right  Rev.  Philip,  Lord  Bishop  of  Hereford,  and  by  his 
lordship  communicated  to  the  Royal  Society  :  so  that,  it  seems,  in 
little  more  than  eighteen  months  this  sort  of  light  has  been  seen  in 
the  sky,  no  less  than  five  times,  in  the  years  1707  and  1708. 

Hence  we  may  reasonably  conclude  that  the  air,  or  earth,  or 
both,  are  sometimes,  though  but  seldom  and  at  great  intervals, 
disposed  to  produce  this  phenomenon :  for  though  it  be  probable 
that  many  times,  when  it  happens,  it  may  not  be  observed,  as  fall- 
ing out  in  the  day  time,  or  in  cloudy  weather,  or  bright  moon* 
shine  *.  yet  that  it  should  be  so  very  often  seen  at  some  times,  and 
so  seldom  at  others,  is  what  cannot  well  be  accounted  for  that  way. 
Therefore  considering  what  might  be  most  probably  the  material 
cause  of  these  appearances  ;  what  first  occurred  was  the  vapour  of 
water  rarefied  exceedingly  by  subterraufous  fir«^,  and  tinged  with 
snlpbureoos  steams ;  which  vapour  is  now  generally  supposed  by 
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naturalists  to  b<^  the  cause  of  earthquakes.  And  as  earihqaakei 
happi'ii  with  great  uiutTiainty,  and  have  been  sometimes  frequent 
iu  plaiMS,  where  for  many  yt-ars  before  and  after  they  have  not 
been  foU  ;  so  these,  u.Mich  we  nJ^ht  be  allox^ed  to  suppose  pro- 
duced bv  the  eruption  of  the  pent  vapour  through  the  pores  of  the 
e.irth,  when  it  is  not  in  sufficient  quantity,  nor  sudden  enough  to 
.shake  its  surface,  or  to  open  itself  a  passage  by  rending  it.  And 
as  these  vapours  are  suildeniy  produced  by  the  fall  of  water  on  tiie 
nitro. sulphureous  fire  under  ground,  they  might  well  be  thooght 
to  get  from  thence  a  tincture  which  might  disp<ise  them  to  ihioeia 
the  night,  and  a  tendency  contrary  to  that  of  gravity  ;  as  we  find 
tue  vapours  of  gunpowder,  when  heated  in  vacuo^  to  shine  in  the 
dark,  and  ascend  to  the  top  of  the  receiver  though  exhausted. 

Xor  should  1  seek  for  any  other  cause  than  this,  if  io  some  of  these 
instances,  and  particularly  this  whereof  we  treat,  the  appearance 
had  not  been  seen  over  a  much  greater  part  of  the  earth*s  surface 
than  can  be  thus  accounted  for.  It  having  in  this  last  been  visible 
from  the  west  side  of  Ireland  to  the  confines  of  Russia  and  Poland 
on  the  ea$t,  nor  do  we  yet  know  its  limits  on  that  side,  eztendbg 
over  at  least  thirty  degrees  of  longitude ;  and  in  latitude,  firoia 
rJmut  fifty  degrees  over  almost  all  the  north  of  £urope,  and  io  aU 
places  exhibiting  at  the  same  time  the  same  wouderous  circan* 
btances.  Now  this  :s  a  space  much  too  wide  to  be  shaken  at  any 
one  time  by  the  greatest  of  earthquakes,  or  to  be  affected  by  the 
perspiration  of  that  vapour,  which  being  included  and  wanting  veat, 
might  have  occasioned  the  earth  to  tremble.  Nor  can  we  this  way 
account  for  that  remarkable  particular  attending  these  lights,  of 
being  always  seen  on  the  north.side  of  the  horizon,  and  never  to 
the  south. 

Therefoio  laying;  aside  all  hopes  of  being  able  to  explain  these 
tilings  by  the  ordinary  vapours  or  exhalations  of  the  earth  or  wa» 
ters,  MQ  must  have  recourse  to  other  sorts  of  effluvia  of  a  nach 
more  bubtle  nature,  and  which  perhaps  may  seem  more  adapted 
to  bring  about  those  wonderful  and  surprisingly  quick  motions  we 
have  been.  Such  is  the  roagnetical  effluvia,  whose  atoms  freely 
permeate  the  pores  of  the  most  solid  bodies,  meeting  with  no  obsli* 
cle  from  the  interposition  of  glass  or  marble,  or  even  gold  it^f. 
Some  of  these,  by  a  perpetual  efflux,  arise  from  the  parts  n^r  the 
poles  of  the  magnet,  whilst  others  of  the  like  kind  of  atoms,  bat 
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vith  a  contrary  tendency,  enter  in  at  the  samo  parts  of  the  stone, 
through  which  they  freely  pass ;  and  by  a  kind  of  circulation 
surround  it  on  all  sides,  as  wirh  an  sltmosphere,  to  the  distance 
of  some  diameters  of  the  body.  This  thin*;  Descartes  has  endea. 
TOured  to  «^xplain  (Princip.  Philo^oph.  lib,  iv.)  by  the  hypothesis 
of  the  circulation  of  certain  screwed  or  striate  particles,  adapted 
to  the  pores  they  are  to  enter. 

But  without  inquiring  how  sufficient  the  Cartesian  hypothesis 
may  be  for  answering  the  several  phaenomena  of  the  magnet :  that 
the  fact  may  be  the  better  comprehended,  we  shall  endeafour  to 
exhibit  the  manner  of  the  circulation  of  the  atoms  concerned 
therein,  as  they  are  expo^^ed  to  view,  by  placing  the  pu!es  of  a  ter. 
relU  or  spherical  magnet  on  a  plain,  as  the  glpbe  on  the  horizon  of 
a  right  sphere  ;  then  strewing  fine  steel  dust,  or  filings,  very  thin 
on  the  plain  all  round  it,  the  particles  of  steel,  on  ^  continu^^d 
gentle  knocking  on  the  underside  of  the  plain,  will  by  degrees 
conform  themselves  to  the  figures  in  which  the  circulation  is  per- 
formed. Hence  it  may  appear  how  this  exceedingly  subtle  matter 
revolves  ;  and  particularly  bow  it  permeates  the  magnet  with  more 
force  and  in  greater  quantity  in  the  circumpolar  parts,  entered  into 
it  on  the  one  side,  and  emerging  fro?*  ii  on  the  other,  under  the 
same  oblique  angles  :  while  in  the. midiil  zone,  near  the  magnet's 
equator,  Teryfew,  if any^  of  these  par'^rles  impinge,  and  those 
Ter)  obliquely. 

Now  by  many  and  very  evident  arguments,  it  appears  that  our 
globe  of  eartii  i^  no  othf*r  than  on**  great  magnet;  or,  if  I  may  be 
allowed  to  alledge  an  invention  <  *  my  own,  rather  f  .o;  the  one  in. 
doding^^he  other,  as  the  shell  includes  the  kernel  ;  fur  so  and  not 
otherwise  we  .may  explain  the  chatitres  ot'  tin*  vuriation  of  the  magne« 
ticai  aetdlei  but  to  our  present  purpose  the  result  is  the  same.  It 
•ufices,  thaifwe' may  suppose  thi^  same  son  of  ciiculation  of  such 

eJKceedingly  fin**  n.uirer  to  be  perpeti*al!y  performed  in  the  earth, 

we  observe  in  the  terrt'Ma:  ^hicu  subtle  matter  fceeiy  pervad- 
ing the  pores  of  the  ejrtii,  and  entering  into  it  near  its  southern 
pole,  maj  pasii  out  a:;aiu  into  the  ether,  at  the  same  distai.ee  from 
the  northern,  and  witli  a  like  force  ;  its  direction  being  still  more 
and  more  oblique,  as  the  dista  c*  Irom  th-  poks  i-^  greater.  To  this 
w»  beg  leave  to  suppose,  that  this  subtle  matter,  no  ot))crwibe  dis. 
covering  itself  bat  by  its  effects  on  the  magnetic  needle,  wholly 
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imperceptible,  and  at  other  times  inyisible,  maj  now  and  then,  by 
the  coQcourse  of  seTeral  causes  very  rarely  coincident,  and  to  us  as 
yet  unknown,  be  capable  of  producing  a  small  degree  of  light ; 
perhaps  from  the  greater  density  of  the  matter,  or  the  f^rfSLter  yelo- 
city  of  its  motion :  after  the  same  manner  as  we  see  the  effluTia  of 
electric  bodies,  by  a  strong  and  quick  friction,  emit  light  in  the 
dark  :  to  which  sort  of  Hg-'t  this  seems  to  have  a  great  affinity. 

This  being  allovicd,  I  think  we  may  readily  assign  a  cause  for  se. 
▼eral  of  the  strange  app<'arances  we  have  been  treating  of,  and  for 
some  of  the  mo>t  diflicuit  to  account  for  otherwise  ;  as,  why  these 
lights  are  rar^l^  seep  any   where  else  but  in  the  north,  and  never, 
that  we  hear  of,  near  the  equator :  as  also  why  th^^y  ar*^  morefre. 
quently  seen  in  Iceland  and  Greenland,  than  in  Norway,  thoogh 
nearer  the  poV  of  the  world.     For  the  magneticul  poles,  in  this 
age,  are  to  the  westward  of  our  meridian,  and  more  bo  of  thar  oi 
Norway,  and  not  far  from  Greenland ;  as  appears  by  the  nrution 
of  the  needle  this  year,  1716,  observed,  full  12  degrees  at  Ijondon 
to  the  west. 

The  erect  position  of  the  luminous  beams  or  strie  so  often  re- 
peated that  night,  was  occasioned  by  the  rising  of  the  Tapoar  or 
lucid  matter  nearly  perpendicular  to  the  earth's  surface.  For  any 
line  erected  perpendicularly  on  the  surface  of  the  globe,  will  ap* 
pear  erect  to  the  horizon  of  an  eye  placed  any  where  in  the  same 
spherical  superficies ;  as  Euclid  demonstrates  in  a  plane,  that  aoy 
line  erected  at  right  an^rles  to  it,  will  appear  to  be  perpeodicnlar 
to  that  plane  from  any  point  of  it.  That  it  should  be  so  in  tbt 
sphere  is  a  very  pretty  proposition,  not  very  obvious,  but  demon 
strated  from  Prop.  5,  Lib.  i,  Theodosii  Sphacric.  For  by  it  all 
lines  erected  on  the  surface  pass  through  the  centre,  where  meet- 
ing with  those  from  the  eye,  they  form  the  planes  of  Tertical 
circles  to  it.  And  by  the  converse  hereof,  it  is  evident  that  this 
luminous  matter  arose  nearly  perpendicular  to  the  earth's  surface, 
because  it  appeared  in  this  erect  position.  And  whereas  in  this 
appearance  (and  perhaps  in  all  others  of  the  kind)  those  beams 
which  a rse  near  the  eaflt  and  west,  were  farthest  from  the  per- 
pendicular on  both  sides,  inclining  towards  the  south,  whak 
those  in  the  north  were  directly  upright:  the  cause  of  which 
may  well  be  explained  by  the  obliquity  of  the  magnetical  curtcf) 
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making  still  obtuser  angles  with  the  meridians  of  the  terella,  as 
thej  are  farther  from  its  poles. 

Ucnco  also  it  is  manifest  how  that  wonderful  corona,  that  was 
teen  to  the  southward  of  the  fertex,  in  the  beginning  of  the  night, 
and  so  T<*ry  remarkable  for  its  tremulous  and  Tibrating  light,  was 
produced ;  tiz.  by  the  concourse  of  many  of  those  beams  rising 
▼ery  high  out  of  the  circumjacent  regions,  and  meeting;  n«*ar  the 
senith :  their  effluyia  mixing  and  interfering  with  one  another  and 
so  occasioning  a  much  stronger  but  uncertain  wayering  light.  And 
since  it  is  agreed  by  ail  our  accounts  that  this  corona  was  tinged 
with  farious  colours,  it  is  more  than  probable  that  these  Tapours 
were  carried  up  to  such  a  height,  as  to  emerge  out  of  the  shadow 
of  the  earth,  and  to  be  illuminated  by  the  direct  beams  of  the 
•uu  :  whence  it  might  come  to  pass  that  this  first  corona  was  seea 
coloured,  and  much  brighter,  than  what  appeared  afterwards  in 
some  places,  where  the  sight  of  it  was  more  than  once  repeated, 
after  the  sun  was  gone  down  much  lowor  under  the  horizon. 
Hence  also  it  will  be  easily  understood,  that  this  corona  was  not 
one  and  the  same  in  all  places,  but  was  different  in  fvery  ditiering 
horizon  ;  exactly  after  the  same  manner  as  the  rainbow,  seen  in 
the  same  cloud,  is  not  the  same  bow,  but  different  to  every  seve* 
ral  eye. 

Nor  is  it  to  be  doubted,  but  thp  pyramidical  figure  of  these 
aKending  beams  is  optical  :  since  probably  they  are  parallel. 
aided,  or  rather  taperi:)g  the  other  way.  Bat  by  the  rules  of 
perspective,  their  sides  ought  to  converge  to  a  point,  as  we  see  in 
pictures  the  parallel  borders  of  straight  ^alks,  an^l  all  other  lines 
parallel  to  the  axis  of  vision,  meet  as  in  a  centre.  Th^-refore 
those  rays  which  rose  highest  above  the  earth,  and  wore  n«?arest 
tile  eye,  seemed  to  terminate  in  cusps  sufiicieutly  acute,  and  have 
been  for  that  reason  supposed  by  the  vulgar  to  represent  spears. 
Others  seen  from  afar,  and  perhaps  not  rising  so  high  as  the 
former,  would  terminate  as  if  cut  off  with  plains  parallel  to  the 
horizon,  like  truncated  cones  or  cylinders:  these  have  been  taken 
to  look  like  the  battlements  and  towers  on  the  walls  of  cities  for. 
tified  after  the  ancient  manner.  While  others  yet  further  ofl^,  by 
reason  of  their  great  distance,  good  part  of  them  being  inter- 
cepted by  the  interposition  of  the  convexity  of  the  earth,  wonld 
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only  shew  Ihf'ir  pointed  tops,  and  becaase  of  their  shortness  htT» 
been  called  swords. 

Next,  the  motion  of  these  beams  furnishes  us  with  a  new,  and 
most  efidcnt  argument,  to  prove  the  diurnal  rotation  of  the  earth: 
though  that  bf  jl  matter  which,  at  present,  is  generally  taken  by 
the  learned  to  be  past  dispute.  For  those  beams  which  rose  Bp 
to  a  point,  and  did  not  presently  disappear,  but  continued  for 
some  time,  had  most  of  them  a  sensible  motion  from  east  to  west, 
contrary  to  that  of  the  heavens ;  the  largest  and  tallest  of  them, 
as  being  nearest,  swiftest ;  and  the  more  remote  and  shorter, 
slower.  By  which  means,  the  one  overtaking  the  other,  they 
would  sometimefi  seem  to  meet  and  jostle ;  and  at  other  times  to 
heparate,  and  lly  uno  another.  But  this  motion  was  only  optical, 
and  occasioned  by  the  eye  of  the  spectator  being  carried  away 
with  the  earth  into  the  east ;  while  the  exceedingly  rare  vapour 
which  those  beams  consisted  of,  being  raised  far  above  the  atmos. 
phere,  was  either  wholly  left  behind,  or  else  followed  with  hot 
part  of  its  velocity,  and  therefore  could  not  but  seem  to  recede 
and  move  the  contrary  way.  And  after  the  same  manner  as  ths 
stars  that  go  near  the  eenith,  pass  over  those  vertical  circles  which 
border  on  the  meridian,  much  swifter  ' han  those  stars  which  are 
more  distant  from  it ;  so  these  luminous  rays  would  seem  to  recede 
faster  from  east  to  west,  as  their  bases  were  nearer  the  eye  of  the 
spectator  ;  and  c  contra^  slower  as  they  were  further  off. 

Nor  are  we  to  think  it  strange,  if  after  so  great  a  quaotity  of 
luminous  vupour  had  been  carried  up  into  the  ether,  oat  of  the 
pores  of  the  earth,  the  cause  of  its  elfervescence  at  length  abating, 
or  perhaps  the  matter  consumed,  these  effluvia  shonld  at  length 
subside,  and  form  those  two  bright  luminations  which  we  have  de- 
scribed ;  and,  whose  edges  being  turned  to  us,  were  capable  to 
emit  so  much  light  that  we  uught  read  by  them.  I  choose  to  call 
them  luminations,  because,  though  they  were  but  thin,  doubtless 
they  spread  horizontally  over  a  large  tract  of  the  earth's  surface. 
And  while  this  luminous  matter  dropped  down  from  the  upper 
plate  to  the  under,  the  many  white  columns  were  formed  between 
them  by  its  descent,  only  visible  for  the  moment  of  their  fidi. 
These  by  the  swiftness  with  which  they  vanished,  and  their  great 
number,  shewing  themselves  and  disappearing  without  any  orderi 
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ejhibited  a  Tery  odd  appearance ;  those  on  the  right  seeming  some* 
times  to  drive  and  push  those  on  the  left,  and  vtce  versa. 

These  are  the  principal  phaenomena ;  of  whose  causes  I  should 
have  more  willingly  and  with  more  certainty  given  my  thoughts, 
if  I  had  had  the  good  luck  to  have  seen  the  whole  from  beginning 
to  end ;  and  to  have  added  my  own  remarks  to  the  relations  of 
others:  and  especially  if  we  could  by  any  means  have  come  at 
their  distances.  If  it  shall  by  any  be  thought  a  bold  supposition, 
that  1  assume  the  effluvia  of  the  magnetical  matter  for  this  pur. 
pose,  which  in  certain  cases  may  themselves  become  luminous,  or 
rather  may  sometimes  carry  with  them  out  of  the  bowels  of  the 
earth  a  sort  of  atoms  proper  to  produce  light  in  the  ether :  I  an- 
swer, that  we  are  not  as  yet  informed  of  any  other  kinds  of 
effluvia  of  terrestrial  matter  which  may  serve  for  our  purpose,  than 
those  we  have  here  considered,  viz.  the  magnetical  atoms,  and 
those  of  water  highly  rarefied  info  vapour.  Nor  do  we  find  any 
thing  like  it  in  what  we  see  of  the  celestial  bodies,  unless  it  be 
the  effluvia  projected  out  of  the  bodies  of  comets  to  a  vast  height, 
and  which  seem  by  a  vis  centrifuga  to  fly  with  an  incredible  swift- 
ness, the  centres  both  of  the  sun  and  comet,  and  to  go  off  into 
tails  of  a  scarcely  conceivable  length.  What  may  be  the  consti. 
tution  of  these  cometical  vapours,  we  the  inliabitants  of  the  eartli 
can  know  but  little,  and  only  that  they  are  evidently  excited  by 
the  heat  of  the  sun;  whereas  this  meteor,  if  1  may  so  call  it,  is 
seldom  »ten  except  in  the  polar  regions  of  the  world,  and  that 
most  commonly  in  the  winter  months.  But  whatever  may  be  the 
cause  of  it,  if  this  be  not,  I  have  followed  the  old  axiom  of  the 
schools,  Entia  non  esse  temere  neque  absque  necessitate  multim 
pUcanda. 

Lastly,  I  beg  leave  on  this  occasion  to  mention  what,  near  25 
years  since,  I  published  in  No.  195  of  these  Transactions,  viz. 
That  supposing  the  earth  to  be  concave,  with  a  less  globe  included, 
in  order  to  make  that  inner  globe  capable  of  being  inhabited,  there 
might  not  improbably  be  contained  some  luminous  medium  be. 
iween  the  balls,  so  as  to  make  a  perpetual  day  below.  That  very 
great  tracts  of  the  etherial  space  are  occupied  by  such  a  shining 
medium,  is  evident  from  the  insfances  givn  in  the  first  paper  of 
this  Traosaction ;  and  if  such  a  medium  should  be  thus  inclosed 
within  us ;  why  may  we  not  be  allowed  to  suppose  that  some  par's 
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of  this  loctd  substance  may,  on  fery  rare  and  extraordinary  occa. 
sions,  transude  through  and  penetrate  the  cortex  of  our  earth, 
and  being  got  loose  may  afford  the  matter  of  which  this  our  ne. 
teor  consists.  This  seems  favoured  by  one  considerable  circam- 
fttance,  yiz.  that  the  earth,  because  of  its  diurnal  rotation,  bein^ 
necessarily  of  the  figure  of  a  flat  spheroid,  the  thickness  of  tbe 
cortex,  in  the  polar  parts  of  the  globe,  is  considerably  less  tbao 
towards  the  equator ;  and  therefore  more  likely  to  give  passage  to 
these  Tapours  ;  whence  a  reason  may  be  giyen  why  these  lights  tr9 
always  seen  in  the  north.  But  I  desire  to  lay  no  more  stress  on 
this  conceit  than  it  will  bear. 

It  hafing  been  noted  that  in  the  years  1575  and  1580,  when 
this  appearance  was  frequent,  that  it  was  seen  not  far  from  the  lines 
of  the  two  equinoxes ;  it  may  be  worth  while  for  the  curioas  to  bestow 
some  attention  on  the  heavens  in  the  months  of  September  and 
October  next ;  and  in  case  it  should  again  happen,  to  endeavour 
to  observe,  by  the  method  I  have  here  laid  down,  what  may  de- 
termine, with  some  degree  of  exactness,  its  distance  and  height; 
without  which  we  can  scarcely  come  to  any  just  concioMon. 

[PAfV.  Tratu.  1716. 

SECTION    III. 

Observations  on  (he  Lumen  Boreale^  or  Streaming^  Oct*  8, 

1726. 

By  the  Rev.  W.  Dcrham,  F.R.S. 

TiiriiE  arc  two  sorts  of  streamings,  which  have  been  noticed; 
ono,  by  way  of  explosion  from  the  horiion ;  the  other,  by  open* 
ing  and  shutting,  without  shootings  up,  and  swift  dartings.  Of  the 
latter  sort  chiefly  was  that  of  October  8,  1726,  in  which,  althongh 
the  streams  or  spires,  or  lances,  or  cones,  or  whatever  die  tiiey 
may  be  called,  were  as  large  and  remarkable  as  in  the  year 
1715.6 ;  yet  they  exhibited  themselves  principally  by  the  vaporeos 
matter  opening  and  shutting,  as  if  a  curtain  had  been  drawaand 
withdrawn  before  them.  It  began  about  eight  o'clock,  aadiooo 
streamed  all  round  in  the  south,  east  and  west,  as  much,  or  nearly 
as  much,  as  in  the  north  ;  which  was  a  thing  not  observed  before 
In  these  phsnomena* 
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These  streams^  or  cones,  were  mostly  pointed,  and  of  different 
length,  so  as  to  make  the  appearance  of  flaming  spires  or  pyramids  ; 
some  again  were  truncate<l,  and  reached  but  half  way :  some  had  their 
points  reaching  up  to  the  zenith,  or  near  it,  where  they  formed  a  sort 
of  canopy,  or  thin  cloud,  sometimes  red,  sometimes  brownish,  some* 
times  blazini;  as  if  on  fire,  and  sometimes  emitting  streams  all 
round  it.  This  canopy  was  manifestly  formed  by  the  matter  car. 
ried  up  by  the  streaming  on  all  parts  of  the  horizon.  This  some, 
times  seemed  to  ascend  with  a  force,  as  if  impelled  by  the  impetus 
of  some  eiplosivt'  agent  below,  like  that  of  March  1716.16.  This 
forcible  ascent  of  the  streaming  matter,  gaye  a  motion  to  the  ca. 
nopy,  sometimes  a  gyration,  like  that  of  a  whirlwind  ;  which  was 
manifestly  caused  by  the  streams  striking  the  outer  parts  of  the 
canopy.  But  if  it  struck  the  canopy  in  the  middle,  all  was  then  in 
confusion. 

These  two  particulars,  namely,  the  streaming  all  round,  in  all 
points  of  the  horizon  ;  and  the  canopy  in  and  near  the  zenith,  are 
what  were  observed  in  all  parts  of  England.  But  in  the  more 
southerly  parts  of  Europe,  it  seems  to  have  been  somewhat  differ* 
ent,  by  the  accounts  from  different  places. 

One  thing  observed  in  most  places  was,  that  in  some  part  of  the 
greatest  streaming,  the  vapours  between  the  spires,  or  lances,  were 
of  a  blood.red  colour ;  which  gave  those  parts  of  the  atmosphere 
the  appearance  of  blazing  lances,  and  bloody.coloured  pillars. 
There  was  also  a  strange  commotion  among  the  streams,  as  if  some 
large  cloud,  or  other  body,  was  moTing  behind  them,  and  disturbed 
them.  In  the  northerly  and  southerly  parts  the  streams  were  per- 
pendicular to  the  horizon  ;  but  in  the  intermediate  points  they 
seemed  to  decline  more  or  less  one  way  or  other ;  or  rather  to  in. 
dine  towards  the  meridian. 

As  for  the  cause  of  these  phaenomena,  Mr.  Derham  takes  it  to 
be  from  the  same  matter,  or  vapours,  which  produce  earthquakes  : 
and  that  for  these  reasons  :  First,  because  some  of  these  phseno. 
mena  have  been  followed  by  earthquakes.  As  that  which  Stow 
giTes  an  acconnt  of  in  his  Annals,  in  the  year  1674,  on  Nov.l4  ; 
in  which  he  says,  ^'  were  seen  in  the  air  strange  impressions  of  fire 
and  smoke  to  proceed  forth  of  a  black  cloud  in  the  north  towards 
the  south.  That  the  next  night  following,  the  heavens  from  all 
parts  did  seem  to  bnrn  marrellous  ragingly,  and  over  our  heads  the 
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flames  from  the  horizon  round  about  rising,  did  meet,  and  there 
double  and  roll  one  in  another,  as  if  it  had  been  in  a  clear  fur. 
nace."  And  after  this,  he  says  followed,  on  the  26th  of  February, 
great  earthquakes  in  the  cities  of  York,  Worcester,  Gloucester, 
Bristol,  H(>reford,  and  in  the  countries  about,  which  caused  the 
people  to  run  out  of  their  houses,  for  fear  they  should  bare  fallen 
on  their  heads.  In  Tewksbury,  Breedon,  &c.  the  dishes  fell  from 
the  cupboards,  and  the  books  in  men**s  studies  from  the  sheltes,  &c. 

So  this  last,  in  October,  was  preceded  by  that  fatal  earthquake 
at  Palermo  in  Sicily,  and  succeeded  by  one  in  England,  on  Tues. 
day,  October  2b ^  following.  This  it  seems  was  perceived  io 
LfOndon^  and  was  very  considerable  at  Dorchester,  Weymouth, 
Portland,  Portsmouth,  Purbeck,  and  sereral  other  places  in 
Dorsetshire,  that  it  caused  the  doors  to  fly  open,  shook  down 
pewter  oil*  the  shelves^  and  was  felt  in  some  ships  that  lay  in  the 
harbours. 

Another  reason  is,  that  some  gentlemen  viewing  this  appearance, 
on  the  tops  of  thi^ir  houses  at  Little  Chelsea,  plainly  perceived  a 
sulphurous  smell  in  the  air.  Another  thing  which  conenrs  with 
what  haft  been  said,  is,  that  several  persons  heard  a  hissing,  and 
In  i»ome  places  :i  crackling  noise,  in  the  time  of  the  streaming,  like 
what  is  npoited  to  be  often  heard  in  earthquakes. 

lid.  1727. 

SECTION  IT. 

Collection  of  the  Obserrations  of  the  rcmarlable  Red  Lights 
fhc'u'u  in  the  y1ii\,  Dec.  5,  or  10,  N.S.  sent  from  different  places 
to  the  Royal  Society. 

As  observed  at  Naples  bv  the  Prince  of  Ca«»sano.  F.R.S. 

Dec.  16,  1737,  N.S.  in  the  evening,  the  sun  being  about  25  de- 
^rees  below  the  horizon,  a  light  was  observed  in  the  north,  as  if  the 
air  was  on  fire,  and  flashing;  the  inlenseness  of  which  gradually 
increasing,  at  the  3d  hour  of  (he  night  it  spread  much  westward. 
Its  greatest  height  was  about  65°;  for  it  occupied  the  whole  eitent 
of  both  the  Bears  and  the  polar  star;  yet  at  the  sides  it  was  not  to 
high  ;  for  in  some  places  near  the  north  it  rose  only  to  50^,  and  it 
gradually  diminished,  so  as  to  t)ecome  insensible  at  the  true 
horizon. 
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Tim  abofmeiitioQpd  light  at  its  extremities  wts  unequally  jag« 
ged,  and  scmttered,  an  j  followed  the  course  of  the  westerly  wind  ; 
ao  that  for  a  few  hours  it  spread  considerably  wider,  yet  witliont 
cTer  reaching  the  senith.  About  the  6th  hoar  of  the  night  the  in* 
tensrneai  of  (he  colour  disappeared ;  some  small  traces  of  the  in- 
flamaation  still  remaining  towards  the  north««ast  and  the  west, 
which  were  all  ? aoished  at  7-|h.  of  the  night. 

The  inflamed  matter,  in  the  greatest  part  of  its  extent^  gava  a 
free  passage  to  the  rays  of  the  stars,  eren  of  the  3d  and  4th  magni* 
tnde«  situate  behind  it.  About  the  4th  hour  of  tlie  night,  a  very 
regular  arch,  of  a  parabolic  figure,  was  seen  to  rise  gently,  to  %^ 
of  reetaogaUr  ele?ation,  and  to  20^  of  horizontal  amplitude.  This 
phenomanou  was  semi  all  orer  Italy,  as  appears  by  sereral  ac- 
counts of  it,  though  with  some  disagreement  betwc^en  them. 

Tiia  most  probable  opinion  as  to  the  cause  of  this  phenomenon, 
aicf  ibes  it  to  the  simple  firing  of  a  bituminous  and  sulphurous  mat* 
ter,  on  account  of  its  rery  little  specific  gravity,  raised  to  the  upper 
parts  of  the  atmosphere,  and  there,  by  the  clashing  of  contrary 
winds,  brokan,  comminuted,  and  at  last  set  on  fire.  This  opinion 
baa  been  defended  with  strong  arguments  in  the  Petersburg  Com* 
meotaries,  by  Mayer,  on  occasion  of  the  appearance  of  a  similar 
pbenomenon  in  those  northern  countries.  And  indeed  the  pre« 
ceding  eruption  of  Vesuvius,  the  contrariety  of  the  moving  forces, 
tbe  readiness  of  the  matter  to  take  fire,  the  unequal  in  tenseness  of 
the  llghty  the  streaks,  and  all  the  other  circumstances  observed  in 
tills  meteor,  are  plain  arguments  df  a  genuine  and  real  ascension. 
And  Wolfius,  on  the  appearance  of  a  phenomenon  much  like  this, 
which  was  seen  all  over  Germany,  on  the  l^th  of  March,  17  J  7,  is 
of  opinion,  that  it  should  be  called  imperfect  lightning,  as  being 
pivduced  by  the  inflammable  matter  of  lightning. 

Obterotd  at  Padua,  by  the  Marquis  Poieni^  F.R.S. 

At  tbe  time  of  this  meteor,  the  air  was  calm,  and  the  barometer 
was  remarkably  high. 

At  5jb.  there  appeared  near  the  horizon  a  blackish  zone,  with. 

itt  upper  limb  of  a  sky.colour,  somewhat  obscure.    Above  this 

zone  waa  another  very  luminous,  resembling  the  dawn  pretty  far 

advaoeed-    The  highest  zone  waa  of  a  red  fiery  colonr.     The  alti« 

tadea  mi  the  lanes  seemed  to  bear  such  proportion,  that  the  second 
vox,.  IV.  %  E 
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was  doobtothe  fint,  and  the  third  triple;  and  in  Miajr  plaees  tiej 
rose  somewhat  aboTe  the  40th  degree  of  altitude.  Eastward  thej 
eitended  to  the  55th  degree  on  the  herisoo,  and  wettwmrd  to  the 
fOth. 

It  is  remrkable,  that  after  sun.set  on  the  preeediiig  days,  as 
well  as  this,  there  appeared  in  the  west  a  remarkalrio  vedsess  ei« 
panded  on  each  side)  and  on  the  ensaing  efenlng,  tlM  same  liv%lrf 
ted  colour,  appearing  near  the  horiaon,  deceired  the  coauDoa  peo. 
pie  into  a  belief,  that  a  new  phenomenon,  like  the  foregoing,  was 
breaking  ont  of  the  horizon.  Near  our  aenlth  there  appeared 
some  tlun  locid  clouds,  partfj  of  a  whitish  red,  in  aiich  •  raanntr, 
that  tbejT  teemed  as  if  occasioned  by  the  burning  of  bonaesatsoaie 
distance  to  the  north.  Others  of  this  sort  had  ImppeBed  befhrri 
and  some  were  seen  afterwards. 

A  little  after  0,  the  upper  parts  began  to  emit  ted  atieaaslngf,  or 
rays,  in  plenty ;  but  in  these  the  red  was  now  and  tten  Inlemuxed 
with  whitish  and  darkish  colours.  In  a  few  aeeondt  after,  time 
Issued  out  from  the  verj  equinoctial  west,  a  red  and  very  br^ 
cofumo,  which  ascended  to  the  third  part  of  tile  lieatetts^  ^bd  a 
little  afler,  it  became  curred  in  the  shape  of  the  ndnbow. 

At  half  after  8,  almost  in  an  instant  of  time,  thtf  bright  koney 
from  the  8th  degree  west  to  the  50th  east,  became  more  tfrld,  and 
r6se  higher;  and  abof  e  this  appeared  a  neVr  large  one,  of  and 
fiery  colour,  with  sereral  successire  streamhigs  tending  upward, 
and  passing  €0  degrees  of  altitude  ;  the  western  part  iiatf  assomed 
the  form  of  a  thin  cloud.  At  twelre,  the  Hght  of  tin  avma  wss 
nearly  extinct,  there  appearing  only  a  rery  weak  light  along  (Is 
tops  of  the  mountains.  Twenty  minutes  after,  titers  appeitfd  a 
white  brightish  beam,  at  30^  west,  and  90*  higli ;  hot  Hsoott  baONae 
invisible.  In  half  an  hour  after,  a  rery  weak  light  remained  in  tlie 
west,  near  the  horizon ;  which  had  not  been  obaemdile^  if  At 
brightness  of  the  preceding  phenomenon  had  not  Invited  tooonttaas 
the  obsenration. 

3.  Observed  at  the  Observatory  cftkt  Institute  of  Boisoaw. 

By  Dr.  Ewtachio  Zaootti,  Deputy  Profcnor  of  AiCroBa«y« 

The  aurora  boreal  is,  which  was  formerly  a  rare 
and  almost  unknown  in  this  climate,  is  now  becouM  Teir 
In  Bonooia  a  great  number  hare  been  obaerred  Hsr  joaae  jeast  past 
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Thb  time  it  wm  so  very  rf  mirluible,  tb«t  no  one  remembeM 
erer  seen  the  like.  A»  to  its  extent,  it  sprt-ad  so  as  to  occupy 
mbout  140' of  the  heavens;  ond,  as  to  ils  iisht,  it  was  so  Yif  id,  a* 
by  it  lu  distinguish  houses  at  a  great  illstancu;  which  seemed  of  ■ 
red  colour,  which  made  some  people  attribute  this  light  to  a  fire  in 
the  arighbourliiiod. 

It  caHlinued  at  times  variously  Increasing  and  decreasing. 

About  8,  the  aarora  formed  itself  into  a  concave  arch  towardt 
thebonton.  The  polar  star  wan  near  the  (op  ofits  cooTeally,  and 
some  stars  shone  bright  in  ihe  midst  of  the  light ;  and,  umong  these, 
^  and  y  of  Ursa  major.  The  concave  part  was  terminated  by* 
tiatis  somewhat  dark  ;  which  separated  Ihe  red  light  of  the  arch 
from  a  while  aad  tery  bright  light  that  remained  within  it.  The 
arch,  which  was  lb°  broid,  was  of  a  deeper  colour  towards  the 
horizon  than  towards  the  pole.  The  western  limit,  which  was  in- 
terrupted by  clouds,  was  wider  and  more  irn-gular  than  the  east- 
era  limit.  Fig.  3,  pi.  10,  exhihiti  the  pheaomcDon  conformable  to 
the  descripttoD  now  giTeti. 

AhoHl  Sh.  34',  the  red  light  cootiuued  spreading,  and  made,  as 
It  were,  a  basis  of  a  weaker  redness.  At  thii  time  the  aurora  ap. 
pcAred  unsettled  and  curious,  as  in  tig.  2.  At  Itij  eastern  Limit, 
the  pyramid  continued  visible,  but  uf  a  more  intense  colour  to. 
svards  tbc  norih,  and  from  ils  middle  there  shot  up  vertically  « 
streak  of  light,  between  a  while  and  a  yelluw  colour.  A  very 
dark  narrow  cluud  crossed  the  whole  phenotuenon,  and  went  ta 
terminate  in  the  pyramid.  At  Ihe  upper  part,  a  considerable 
tract  of  the  heavens  was  enlightened  with  a  very  vivid  red  light, 
which  was  interrupted  by  seraral  streaks  or  columns  of  a  brigbt 
yeilwwisb  light.  These  streami&gs  shot  up  rertically,  and  parallel 
to  each  other,  and  tbf  narrow  cloud  seemed  to  serve  Ibem  tot  a 
tMui)'  Under  the  cloud  there  issued  forth  two  tails  of  a  whitish 
li(^t,  hanging  do«  award  ou  a  bails  of  a  weak  red,  and  it  teemed 
as  if  tbey  kindl<-d  and  darted  the  light  downward.  There  was  like- 
wise aeeo  a  white  streak,  which  passed  across  these  two  tails,  and 
cKtended  from  one  end  of  the  phenumenun  to  the  other,  in  a 
pU'Hion  almost  paiallH  to  the  abovementiuned  cloud. 

At  ",  tm.  ihere  now  remiio.d  but  a  litlle  reddish  light  at  the 
BOHii  pule.  A  tt  the  rest  was  collected  near  the  z.  niih,  notes. 
Ceadlivg  lower  than  the  star  a  of  UrM  m^or.    In  tha  sontb,  whvrc 
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the  sky  was  clear,  there  were  seen  gume  af  tbo3« 
falling  stars. 

Several  persons  have  pu^ilively  as.serted,  thai,  ia  (tie  e«tinmi 
the  I6tb  day,  they  perceired  a  arta'tn  stench  hi  llie  air,  lUce  (k 
which  is  so  me  lime  9  occasioned  by  >  Tog.  The  Mine  has  Iwefl  oIh 
notice  of  at  other  limes,  when  such  phicnomtna  bare  appevidL 

There  was  a  rery  thin  fog  in  (he  air  not  only  on  the  IGib  dq 
but  also  on  the  preceding  and  ensuing  days.  The  mumio^  I 
the  17tb  and  18ih,  before  and  *  liHle  affer  son-rise,  the  air  «f 
peared  of  an  uiicomnion  fiery  colour.  The  evetMiig  of  the  ITll 
the  crepuscutum  was  of  an  extraordinary  hcifiht,  Belii«vu  ik 
north  and  nest,  there  was  seen  a  very  thin  red  vaponr,  wUdb 
lasted  almost  till  night. 

4.  Observed  at  Rome,  by  S.  de  RevUlas,  Math.  Prof.  ^  F.R.S. 
These  obsertalions  are  similar  to  the  foregoing. 

A.  By  Mr.  Jamet  Shorty  at  Edinburgh, 

We  were  surprised,  on  looking  out  of  (ha  irindotrs,  about  hi 
o'clock,  to  find  the  sky  as  it  were,  all  in  a  Osme:  but  on  furtWt 
inquiry,  it  was  nothing  but  the  aurora  liorealis,  romposed  of  red 
li;:h(.  There  was  bii  arch  of  this  red  light  reached  from  (hr  T«t^ 
OTer  the  zenith,  to  the  east;  the  northern  border  of  this  lifbt 
nos  tinged  with  somewhat  of  a  blue  colour.  This  aurora  did  Ml 
first  form  \a  the  north,  and  after  forming  an  arch  ther«,  nM  t<* 
wards  the  zenith,  as  they  commonly  ose  to  do;  neither  did  tkt 
light  shiver,  and  1iy  sudden  jtrks  spread  itself  orer  the  heiiil«pbcl% 
as  iK  common;  but  gradually  and  gently  stole  along  the  Uot  it 
the  sky,  till  it  had  covered  the  whole  hemisphere;  wbich  alafsdl' 
the  Titlgar,  and  was  itiileed  a  strange  si<;ht.  A  great  circle  dlUi' 
light  came  from  the  weKt  to  the  zenith,  which  teemed  (o  be  4t 
migazine  whence  all  the  rest  were  supplied.  It  is  bat  aboat  • 
year  since  Mr.  S.  first  observed  this  red  light  in  the  atmn  1M>' 
Tcnlis,  and  only  then  in  very  small  quantities. 

6-  At  Rosehill,  Sasiex,  by  John  Fuller^  Eiq.Jun.  F.RS. 

It  was  a  strong  and  vpry  steady  light,  nearly  of  the  COlMr  *l 
red  oehre.  It  did  nut  stem  to  dart  or  flash  at  al),  bat  coatioail. 
going  on  in  a  steady  course  against  the  wind,  wbicli  blev  tnA 
from  the  south.wesl.     It  began  about  north  -7rtli  irniL  te  tVT- 
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oF  a  pillar  of  light,  at  ahout  Oh.  I  bm.  tu  the  evening ;  in  tbont  ten 
uiiDUtrs,  n  fourth  [lart  uf  it  diudcd  from  the  rest,  and  nerer 
joiard  3iftia ;  ia  ten  m'lnuti^f,  more  it  described  an  archi  but  did 
not  jotn  nl  lop  ;  esarrly  al  seveD,  it  fcrrmed  a  bow,  and  soon  after 
(]<iite  dbapppured.  It  was  all  the  while  lightest  and  reddest  at 
the  lioriton.     It  gare  as  much  light  as  a  full  moon. 

At  8,  it  began  eiaclly  north;  it  was  very  light  th«ii,  but  not 
nr«f  Mt  light  as  before :  in  half  an  hour  it  made  an  arch  from  trast 
to  west,  and  went  quite  away  to  the  south,  when  it  ended  muck 
with  the  same  appearance  ta  it  began  in  tlie  notth,  but  not  quite 
s«  red. 
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Account  of  Luminoui  Amhet. 

By  Mr.  Willinm  llcj,  of  Leeds.  F.  R.  S. 

While  Mr.  Hey  was  at  Builon.  in  March,  1774,  about  half. paA 
«ighl,  be  raw  a  luuiiiious  arch,  uhicb  appeared  very  beaiilrful  iu 
llie  atniosphere.  lis  colour  was  while,  inclining  I0  the  yellow; 
its  Itmdih  in  the  crown  ipparenlly  equal  to  that  of  the  rainbow. 
As  it  approached  the  Itonzna,  each  leg  of  the  arch  became  gradiu 
ally  broader.  It  was  stationary  whUe  he  viewed  il,  aud  free  from  any 
sensible  corruKatious.  Its  direction  seemed  to  be  from  al>out  (he  N.E. 
to  tbe  S.W.  Bt  least  it«  eastern  leg  was  inclined  to  the  noitb,  and 
iu  weitem  to  the  «ouih.  Its  crown,  or  most  elei?ated  part,  was  not 
far  frnoi  tbe  zenith.  The  evening  wai  clear,  and  llw  stars  appear- 
ed briglil.  ll  continued  about  half  an  hour  alter  it  was  first  ob. 
served  by  the  company- 

In  October,  177^1  he  taw  a  similar  arcb  at  Leeds,  of  the  same 
colouri  breadth,  and  position.  It  began  to  disappear  in  five  or  »> 
minnteii  after  he  bad  discovered  it,  without  changing  in  situation. 
Tbe  manner  in  which  it  vanished  was  quite  irregular :  large  patchei 
in  difietenl  pads,  aud  of  different  dimetisions,  ceasing  to  be  Inmi- 
noiu,  till  the  whole  had  diaappeared.  Tlie  evening  was  rather 
cloudy. 

In  tbe  eveuing  of  Match  21,    17S3i  between  eight  and  oine 

Q*dock,  Mr.  H.  observed  something  like  a  bright  cloud  in  theeasi. 

era  pail  of  llie  bcinisphcrr,  and  also  a  similuT  ap|)carance  in  the 

opposite  part  of  the  heavens.    These  lumiiious  parts,  which  appear. 

2  b3 
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in,  were  eoonccled' 


}UIK  it 
isaboBt 


ed  in  Ibc  caitcni  and  weitcrn  paiU  of  the  horin 
\ty  an  arch  o( »  fiiater  ligbt. 

Il  reached  (he  horizon  in  the  W,S.W.  point.     In  iti 
paswd  about  a"  to  the  toutb  of  tlie  lenilh.  Its  brradlti  « 
9  or  )tf.     1(  rvniainvd  TiMbIc  about  l«n  < 
he  (int  (litcoveKil  il.  and  tlicu  ranitbed  gradually  and  iiTccuIarljb 
He  abM^rved  oo  corruiealiuni,  noi  any  motion  in  thu  arch.     A  few^ 
iniiiulcs  after  another,  and  *Iill  more  beautiful,  arch  made  ill  tpbJ 
pearunce.     Jl  arute  a  point 'ir  two  nearer  the  N.  t^.  than  the  formed 
had  done.     Il«  »nulhein  edge  paued  up  a  little  to  the  iHWib  of  tk.. 
tail  of  the  Greil  Beitr,  which  was  then  in  a  vertical  pasilJon.     Ilgf 
Rorlbera  edge  >|ipeared  at  firit  a  little  to  the  Eoiilh  of  the  polar 
■tar;  but,  durixic  ihc  continu'duce  of  the  phenomenon,  it  grad Daily 
needed  abiiul   10°  to  the  lonlh.     The  arch  de«ccnded  about  (be 
W.  N.W.:  but  nrillier  ibe  eastern  nor  western  extremilirs  reaclied 
the  hiiriiun ;  each  of  ihem  ending  in  a  point  ^duallj  formed  ■  ' 
little  above  the  liorizon.     This  arch  might  lie  about  10  ni  1^  at  ' 
jta  vertex.     It  cnniinued  visible  for  half  an  Iionr;  and  though  be* 
could  nnt  discover  unv  corniscii lions,  or  quick  motion,  lo  any  pUf,*^ 
yet  Ibe  different  portions  of  it  were  perpetually  earving  in  thi 
tity  of  their  light,  and  the  whole  arch,  or  at  Icasl  I's  vertex, 
a  jIoht  and  equilnhic  motion  towards  the  south.     Where  the  light 
was  llie  most  dense,  the    smaller  !>tars  were    renderFd    tnviiibk 
hy  Ibe  arch,  but  stars  of  the  second  magnitude  were  not  loralFy 
cclipted  by  il.     Tbii  arch  diaapprurcd,  as  the  former,  by  (wKhes; 
tbe  lij;1it  gradual!;  becoming  less  intense.     The  colour  of  both 
Ibue  xrches  was  while.     Before  the  latter  arch  had  eiilirel}  dit- 
■ppeared,  a  small  one.  not  quite  so  broad  as  tbe  rainbow,  ams 
from  its  eastern  leg.  and  ascending  in  a  curvilineal  direction  to  tI|C' 
polar  star,  lerinimited  (here.     Its  light  was  mote  faint  than  II 
of  the  other  two  arches;  and  il  continued  visible  about  a  ijnarter 
«r  iin  hour.     The  evening  was  very   floe  when  lie  saw  these  bcautt- 
ful  phsniimcua ;  the  ^Ut*  were  bright,  and  there  was  not  a  cloud 
to  be  seen  ixccpt  in  the  horizon.     Tbere  was  a  steady  light  ia  tht 
north,  without  the  least  coiruscalion,  exlending  from  tbe  N.K.  IS 
KW.     The  wind  blew  from  the  N.  E. 

March  26,  about  the  same  lime  in  the  evening,  Mr.  H.  wu  n> 
tertained  with  a  similar  appearance.     He  first  observed  lira  or 
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itamcoluiniM  of  aurora  borealu  tbooling  upwards  ia  the  noilb: 
Mud  ia  ■  tirarl  lime  alter  a  conipleie  arcli,  like  iIiok  almdj  dca 
icnbcd,  thottgb  ^omtwhal  AitCmal  io  lis  posilion.  It  aroM 
between  lU«  E.Bnd  N.  mad  N.  £.  points,  passed  oliltquely  to  tb« 
Mulb  below  Arcturus,  ami  dcicendeil  in  llie  ucst  tliroue''  Orioiit 
liHviiig  abiiust  the  uroe  direciion  ihrougb  that  roiistellBtiou  which 
■  tie  equator  bas.  Ill  lif^ht  was  tlie  moil  ftrnt  about  llie  vertex  of 
Ibe  arcb.  lis  most  dense  parls  were  continually  varying  in  the 
■Mlcniit}!  of  ibcir  light.  The  larger  sttirs  were  visible  ihrougli  it) 
ileoscst  parts.  It  varied  its  position,  and  it  continued  viiible  about 
liatfan  hour:  but  there  was  Dothing  wbidi  could  be  called  a  shooU 
tng,  or  qaick  corruacBlioo.  Tiicre  was  a  steady  norlhein  light  all 
llie  evening,  or  at  least  till  the  arch  had  disappeared. 

The  graiHlcst  specimen  of  this  phenamenoit  which  Mr.  II.  haii 
aeai,  appeared  on  the  12tli  of  April,  between  nine  and  ten  in  ihc 
evening.  He  perceived  a  broad  arch  of  a  bright  pale  jellow,  sri*. 
tng  between  Arctunis  and  Lyra,  about  the  right  leg  of  Hercules, 
and  passing  considerably  to  the  south  of  the  zenith,  its  northern 
border  being  a  bllle  soulb  of  Pollux,  and  descending  to  the  horizoa 
near  Orion,  which  was  then  setting.  This  arch  seemed  to  be  about 
J  6°  in  breadth,  and  was  of  such  a  varied  density,  that  it  appeared 
to  coruist  of  small  columns  of  light,  which  had  a  sensible  motioD. 
After  above  ten  minutes  be  saw  innumerable  bright  corruicalion), 
slioottng  out  at  right  angles  from  ils  northern  edge,  which  was  con. 
cave,  and  elongating  themselves  more  and  more  till  ibey  bad  nearly 
reached  the  northern  horizon.  As  ibey  descended,  ibeir  extremi- 
ties were  lipped  with  an  elegant  crimson,  such  as  is  produced  by 
the  electric  spark  in  an  exhausted  tube.  After  some  time  this  au> 
rota  borealis  ceased  from  shooting,  and  formed  a  range  of  beuulu 
ful  yellow  clouds,  extending  boritonially  about  a  quarter  of  a 
circle.  The  greatest  part  of  the  aurora  borealis  which  darted  from 
this  arcb  towards  the  north,  as  well  as  the  cloud-like  and  more  sta- 
tionary aurora,  were  so  dense  that  they  hid  the  stars  from  view. 
The  mooa  was  eleven  days  old,  and  shone  bright  during  this  scene, 
but  did  not  cclipie  the  brightnesa  of  these  corruscations.  The  wind 
was  at  north,  or  a  little  inclined  to  the  east. 

Hw  last  phenomenon  of  this  kind  which  Mr.  H.  saw,  was  on  ibe 
S5lb  of  April.    About  a  quarter  before  ten  in  the  evening,  he 
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observed  in  the  W.  m  Ioouikkis  appeafBiioe.  of  the  coknir  of  the 
meet  common  aurora  boreflUs.  From  this  mass  or  brosd  colmaa 
of  light  issued  three  luiiiinotts  arches,  each  of  which  made  a  dif« 
fereot  angle  with  the  horim?.  IfmX  .nearest  to  the  south  seemed 
to  arise  at  right  angles  with  the  horiion :  while  that  nearest  to  the 
north  made  the  smallest  angle,  and  passed  toirarda  tht  N.E 
through  the  constellation  Auriga,  having  Capella  cloae  to  its  upper 
edge.  He  had  not  viewed  them  many  nsmutes  when  fbej  were 
rendered  invisible  by  a  general  blaie  of  aurora  boreulis^  which 
possessed  the  space  just  before  occupied  by  these  urcbea.  He  uai 
soon  satisfied' that  where  the  aurora  borealb  was  dense,  it  enljrelj 
hid  firom  view  tlie  stars  of  the  second  magnitudew  Heobseried 
thb  particularly  witli  respect  to  the  star  0  in  the  Mk  AoMa  ef 
Auriga.  But  the  corroscations  were  never  ae  denae  aa  to  leader 
Gkpella  invisiUe.  The  wind  was  between  the  N.  and  N.&  thk 
evening. 

After  comparing  the  phenomena  above  dtHiitlLi'  <iMt-  iMJch 
otiwr,  and  with  tiiose  observed  by  Mr.  Cavali^y -  in  Laadeu ;  "by 
Mr.  Swhiton,  at  Oaford ;  by  Dr.  Huahaaa,  ut  HysisuiSi  |  and'by 
Mr.  Sparshal,  at  Wells,  in  NorM^  i  Mr.  B;  eamiet  enkiiato  a 
doubt,  that  these  arches  had  all  the  sanneorigip;  and  tliatfhj 
ought  to  be  considered  as  a  species  of  tlMt  Uud  nff  nuiini  aatiil 
aurora  borealis.  i     •;   t  '    i-.p 

IPhiL  Truns.  Mu   VoL  l^fH  .yew  VAQl 
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CHAP.  XLVI. 

BLAKIKO  BALLS  AND  BDRNinc  STOKB3. 


Section  i. 

General  Remark*. 

1  KBRB  it  a  very  farraordiuan  dasi  of  •imnsplteric  bodiri,  osu- 
A\y  known  bv  ii>e  name  of  firry  or  luininoui  melrors,  Hhicb  irel 
tvauins  lo  be  described,  and  which  haj  nevrr  hiilierio  been  tails. 
fHclotiU  accounled  for.  They  ate  of  all  liies,  rr»iii  a  tinall  shoot- 
ing  &tar  of  (he  fillh  miigiiilude,  lo  a  cone  or  cjlinder  of  two  or 
three  mila  in  diameter.  They  differ  in  coiiuilcnc.v  as  much  at  in 
dinientiont,  and  in  colour  as  rnuch  as  in  either.  They  are  some* 
limci  a  ntbile,  luiniaons,  uud  pclludd  vapour ;  aometiities  a  com- 
pact ball  ur  globe,  as  though  ihe  lualeital  of  which  thev  are 
formed,  were  more  condensed  ami  concent  rated.  Aitd  uut  un. 
freqoentlj  (he;  ha*e  been  fouml  to  consist  of  both,  and  conse- 
qocDllj  lo  a^^ume  a  coinel-hke  uppranince,  with  u  nucleus  or 
coatjiact  substance  in  the  ceulrc  or  towards  the  centre  and  a  loti^ 
ibtn  pellucid  luminous  main,  or  tail,  sweeping  on  each  side.  They 
are  ^ome limes  of  a  pale  while  lieUt;  at  other*  of  a  deep  igneous 
crinuoo;  and  occasionally  iriilesceiil  and  vibiatory.  The  rarer 
meteors  appear  frequeally  to  vaiii!>h  all  of  a  sudden,  as  ihongh 
abruptly  dissolved  or  eiiineui^hed  in  the  altiiospheric  mediimi; 
(fteir  flight  is  accompanied  witb  a  hissing  sound,  and  their  disap. 
pearance  with  an  explosion.  And  ihe  n  osl  comprfci  of  iheni,  or 
the  mwtei  of  those  that  are  rarrr  have  often  descended  lo  Ihe  sur. 
face  of  the  earth,  aud  with  a  force  sulBcient  to  bury  ihem  manji 
feel  nnder  Ihe  toil ;  gen<-rally  exhibitine  marks  of  imperfect  fusion 
and  coaiiderable  beat.  The  substance,  in  these  cases,  i*  for  the  mo»t 
pari  metalline ;  but  the  ore  of  which  they  consist  is  no  wliere  to 
be  mel  with,  in  ihe  same  conttiluent  proporlionsi  in  the  boweb  of 
the  earth.  Under  ibis  form  the  projected  masies  are  denomiuaied 
meteoric  stones  or  aerolite:;. 
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Yet,  bowever  these  cxtmorduiafy  bodies  umy-ditttt.  io  eobnir, 
shape,  dimeiisioDs,  or  consisieoc)! ;  they  aeem  to  agree  wlh  ^neat 
ex'ictoess,  in  their  transient  appearance,  velocity,  and  elevatitn, 
when  first  discovered.  It  is  iddevi  they  have  heen  capable  of 
being  traced  longer  than  from  a  single  moment  to  two  or  three  lai* 
Duf cs ;  their  height  has  been  pretty  fairly  and  cOMuineotW  calculated 
at  from  lil^y  to  sixty  mks  above  the  surface  of  the  earth ;  and  their 
velocity,  troui  similar  calculations,  at  from  twenty  to  thirty  miksia 
a  second  ^  consequently  lu  tlie  lowest  oomputaiiuii  e&hibiting  a  »• 
pidiiy  more  than  nineiy  tinns  that  of  sound,  and  nearly  Appraadh. 
ing  to  that  ot  the  earth  in  her  amiual  orbit.  - .; 

Dr.  Haliey  calculated  that  the  meteor  acea  th>OM§||o«t  SqghHl 
b  17 1 1(  19  (ts  the  reader  will  find  m  his  own  very.  iBSlmgtMf  d^ 
scnptioD  in  the  subjoined  section)  must  have  been  aix|f  qulfs  Ujgkb 
and  have  passed  over  three  hundred  geographical  anilea  Ji«4BMle« 
It  exploded  with  a  great  report. 

Lerry  coioputod  that  the  extensive  meteor. whidli.J|9Mnd  to- 
have  origmated  over  the  coasts  of  fioghuid,/Ui  1774  waa^frops  4% .- 
first  more  than  eighteen  leagues  highs  and  deaci)l|M4  aMpif  it^K. 
sixty  leagues  in  ten  seconds*  « .  /  rr-?? :  •>;.  • 

The  prodigious  meteor  that  appeared  nearly  ii^lbe.jpMMV/dipf* 
tion,  in  1 783,  was  calculated  by  Dr»  ttagdon  (as  we  ahplknp^pft- 
presently)  to  have  formed  at  a  height  of  fifty  mpks;  io  faaie  bm- 
about  two  miles  in  length ;  and  to  have  npved^i  the  jnt^ofnliatt- 
twenty  miles  in  a  second.    It  rushed  with  a  hissing  Poiae»>  .a^i  yii  i  < 
ploded  with  a  report.     Mr.  Cavallo  computed  that.  M  tba  |i| 
the  ex|>losion  it  was  56}  miles  high,  1070  yards  in  dianeteiy. 
its  path  immediately  over  Lincolnshire.  . « 

AiiiiHst  the  numerous  hypotheses  that  have  been  snccc^veb  ad*., 
vanced,  to  account  for  these  extraordinary  pfaseoomenn,  and  %vc 
may  add,  as  succrssivel}  abandoned,  we  shall  content  <HUselves 
with  enumerating  the  following,  as  those  which  have  possessed  the 
greatest  number  ot  advocates* 

1 .  It  was  contended  by  Sir  J.  Pringle,  and  varfoin  other  plliloso* 
phers,  that  they  are  revolving  bodies,  or  a  kind  of  tcfiestiisl 
comets. 

2.  Dr.  Halley  conjectured  them  to  consist-  of  joooibnatiblo^ft* 
pours,  accumulated  and  formed  into  concrete  bodiea  on  4he  oil  .. 
skirts,  or  extreme  regions  of  the  atmosphere,  and  Ad  be  anddan|f 
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bc«  MktMc4i  mj$k  finle   rMiiiiiii,  bj  Sir W. HaailioB  wd 
Dr.Kiig. 
3.  Dr.Bl^doB  Rfudcd  tkoi  at  ahofHhtf  ckctiicd 


4»  BL  lam  bdkwrf  tkoi  to  ctHMt  of  volcme  nalemb  pnu 
pdM  into  the  witmm/kam  m  tbt  cowse  of  c&pAosinos  of  gicot 
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to  tbt  ahooyhno  of  tW  cutlHaod  olbcr 

JMorpoiattd  with  thm,  sod  are  fomnd 

of  ipoK  ;  cowhif  rt  aad  inlhif  d  hj  caoKs 

mduMMmtottk 

&  Tht  Mmi,  wmd,  at  thii  loart,  tht  most  fafoorila  bjpotho* 

•iiU  ia  thot  Iho  whaK  ar  al  kast,  the  oMra  conpact  divisioo  of 

UnDij  coMHl»  of  ■■tfiiili  tbroim  fraai  immmw  volcaaos  in  tha 

which  are  shall  ipeak  more  al  laife  in  a  sobte* 

Thii  idn  vat  tint  started  by  M.  Olbert,  n  1795, 

CEath'aMaa.  Cuer.  nL  I4a»  as  abo  PML  Mag.  &T.SS9.)  and  has 

teijf  piausihij  sapportad  b>  M.  laplarr 

Thii  ktt  bjpalhcM  doea  not,  however,  feiy  well  apply  to  tha 

ami  hs  sabihuilial  netcors  of  shooliiig  stars :  aad  benca 

Iho  philoeapbin  who  advocate  it  endeavour  to  derive  these  hitter 

ftoai  aMie  other  cause,  as  electriciiv,  or  terrestrial 

and  observe  in  iapporl  of  the  distinction  they  find  it 

to  WMiif,  thai  shooting  stars  aiiiit  he  of  adiferent  aatura 

tkn  bails,  since  they  sonietiases  appear  to  ascend  as  well  as  to 

611 :  an  obeervation  that  has  especially  been  dwelt  upon  by  Ben« 

aadChladnL 

[Editor. 

6KCT10N  II. 
jleeownf  0/  tmrMl  estra0rdinarg  M^eon,  or  Lights  in  Me 

Bj  Dr.  Eteood  BaUej,  F.  R.  S. 

IVas  theory  of  the  air  seems  now  to  be  per^ctly  well  understood, 
its  djffrrent  densities  at  all  aliitndef ,  both  by  reason  and  oape* 
nie  iuficienlly  defined;   for,  supposing  the  same  air  to 
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occupv  spaces  reciprocally  proportional  to  the  quantity  of  the  supe 
rior  or  inctimbetit  air,  I  liafve  elsewhere  proved^  that  at  ibfty  miles 
high  tilt  air  b  rarer  than  at  the  surface  of  the  earth  about  9000 
times ;  and  that  the  utmost  height  of  the  atmosphere,  which  rejects 
light  *n  the  crepusculum,  is  not  fully  forty-five  miles.  Notwtth* 
standing*  which,  it  n  ktill  manliest,  that  some  sort  of  vapoiifs,  atid 
tiiose  in  no  small  q<tantity,  rise  nearly  to  thai  height.  An  instaBOP 
of  thiM  may  h«^  given  in  the  great  light  the  society  had  «o  aceoaat 
of  (vide  rraii?.  Svj»-..  I676)  from  Dr.  Wallis,  which  was  sc«ni  m  veiy 
distant  comities  almost  over  all  the  south  pert  of  EagfaltKl.  Of 
which,  thongh  ihe  Doctor  could  not  get  so  partfcular  m  acobait 
as  WHS  requisite  to  determine  its  height,  yet  from  tlw  diattat  places 
it  %«as  been  in,  it  could  not  hut  be  a  great  many  miles  hi^ 

So  likewise  that  meteor  which  was  seen  in  1 70S,  on  the  9ist  of 
July,  between  nine  and  ten  o'clock  at  night,  was  evideotly  betweca 
forty  and  fif)y  miles  perpendicularly  high,  and  as  near  as  I  can 
gather,  over  Sheemess  and  the  Buoy  on,  tlie  Nore.  For  it  was 
aeeu  at  London  tnovmg  horizontally  from  E.  by  N.  to  E.  by  5.'at 
least  fifty  degrees  high,  and  at  Redgrave  io  Suffolk,  ow  the  Tar> 
mouth  road,  about  twenty  miles  from  the  east  coast  of  Cogharf, 
and  at  least  forty  miles  to  the  eastward  of  Loudon,  it  appealed  a 
Itltle  to  the  westward  of  the  south,  suppose  8.  by  W.  nifd  wai  seen 
about  thirty  degrees  high,  sliding  obliquely  dowiiwmnb.  I'was 
shown  in  both  places  its  situation,  but  could  wish  sone  penau 
skilled  in  astronomical  matters  had  seen  it,  that  wt  nq^  pro- 
nounce concerning  its  height  with  more  certainty ;  ytf,  us  It  ii,'  we 
may  securely  conclude,  that  it  was  not  many  milee  more  »esHily 
than  Redgrave ;  which,  as  I  said  before,  is  above  forty  miles  moie 
easterly  than  London,  Suppose  it  therefore,  where  perpeniiniBfi 
to  have  been  thiriy.five  miles  east  from  London,  and  by  the  aItU 
tude  it  ap|)eared  at  in  London,  viz.  at  fifty  degrees,  its  tangent  wfll 
be  forty.two  miles,  for  the  height  of  the  meteor  above  the  surfiMC 
of  the  earth ;  which  also  is  rather  of  the  least,  because  the  altit«k 
of  the  place  shown  me,  is  rather  more  than  fifty  degrees ;  and  the 
like  may  be  concluded  from  the  altitude  it  appeared  in  at  Redgrase, 
near  seventy  miles  dutant.  Though  at  this  great  distance,  it  ap. 
peared  to  move  ivith  an  amazing  velocity,  darting,  in  a  very  finr 
seconds  of  time,  for  about  twelve  degrees  of  a  great  circle  from 
north  to  south,  being  very  bright  at  its  first  appearance;  and  if  diH 
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awaj  al  Iba  end  of  its  course^  leafing  for  some  lime  a  pale  whiteoeas 
ta  the  plaoe,  wilb  some  reoiains  of  ii  in  the  track  where  it  had  gone ; 
bnl  no  hissing  sound  as  it  passed^  or  expl(«iou,  was  heard. 

It  may  deserve  the  honourable  Society's  thoughts,  how  so  great 
a  quantity  of  vapour  sliould  be  raised  to  the  very  topof  the  atiao* 
sphere,  and  there  collected*  so  as  upon  its  accensiou,  or  otherwise 
iUununation,  to  give  a  light  to  a  circle  of  above  100  miles  diaineler,  not 
flsuch  inferior  to  the  light  of  the  moon ;  so  as  one  might  see  tu  take 
a  pin  from  the  ground  in  the  otherwise  dark  night.  It  is  hard  to 
conceive  what  sort  of  exhalations  should  rise  from  the  earth,  either 
by  the  action  of  the  sun  or  subterranean  beat,  so  as  to  surmount 
the  catrenie  cold  and  rareuess  of  the  air  in  those  upper  regions : 
but  the  fad  is  indisputable,  and  therefore  requires  a  solution. 

Like  to  this,  but  much  more  considerable*  was  that  famous  me* 
teor  which  was  seeu  to  pass  over  Italy*  on  the  2 1st  of  March.  O.  S. 
Anno  1676*  about  an  hour  and  three  quarters  aAer  sun  set,  which 
happened  to  be  observed*  and  was  well  considered*  by  the  famous 
professor  of  mathematics  in  Booonia,  Geminian  Montanari*  as  may 
bo  seen  in  bis  Italian  treatise  about  it*  soon  after  published  at  Bo* 
iiouia.  He  observes  that  at  Bononia,  its  greatest  altitude  in  the 
S.  S,  £.  was  thirly-eight  degrees,  and  at  Sieiia^  fifty.ei{*ht  to  the 
N.M.W.;  that  its  course*  by  the  concurrence  of  all  the  obsetvers, 
was  fiom  E.  N..C  to  W.S.W.  that  it  came  over  the  Adriatic  Sea  as 
frani  Dalmatia:  that  it  crossed  over  all  Italy*  being  nearly  vertical 
to  Khniui  and  Savigniano  on  the  one  side,  and  to  Leghorn  on  the 
uAberi  lliat  itit  perpendicular  altitude  was  at  least  thirty«eight 
nnlas :  that  iu  all  places  near  this  course*  it  was  heard  to  make  a 
hpiing  noi:^  as  it  passed*  like  that  of  artificial  fire-works:  that 
tunrivi^  passed  over  Leghorn,  it  went  off  to  sea  towards  Corsica; 
and  lastly*  tliat  at  Leghorn  it  was  heard  to  give  a  very  loud  report 
like  a  great  cannon;  immediately  afler  which^  another  sort  of 
sound  was  heard*  like  the  rattlinii  of  a  great  cart  running  over 
stones,  which  continued  about  the  time  of  a  credo. 

He  concludes,  from  the  apparent  velocity  it  went  with  at  Bono, 
nia,  at  above  fifty  miles  distance*  that  it  could  not  be  less  swift, 
than  160  miles  in  a  minute  of  time*  whkh  is  above  ten  times  as 
swift  as  the  diurnal  rotation  of  the  earth  under  the  equinoctial* 
aud  not  many  times  less  than  that  with  which  the  annual  motion  of 
the  earth  about  the  sun  is  performed*    To  this  he  adds*  its  magni* 
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tilde,  which  afipeared  at  BomNMi  larger  than  the  omkni  in  one  dn« 
meter,  and  ahove  half  at  large  again  m  the  etiier :  whidi  nrilh  the 
given  distance  of  the  e^e,  naket  its  real  less  rfianetrr  nbovn  half  t 
mile,  and  the  other  in  proportion.  Thb  snppoaed*  it  onnotbc 
wondered  that  so  great  a  body  moving  with  such  no  aouuing  Vflo. 
city  throngii  the  air,  though  so  much  rarefied  as  it  is  in  its  npper 
regions,  should  occasion  so  loud  a^hissing  noise,  aa  to  be  heard  at 
such  a  distance  as  it  seems  thb  was.  But  it  will  be  much  harder  lo 
conceive,  how  such  an  impetus  could  be  impfe«ed  on  tUs  hodj, 
which  far  exceeds  that  of  any  cannon  ball ;  and  how  tbfa  impctai 
should  be  determined  in  a  direction  so  nearly  parallel  to  the  hori- 
zon ;  and  what  sort  ti^  sobatance  it  must  be,  that  cooM  be  so  nu 
pelled  and  ignited  at  the  same  time :  there  being  no  iroicano,  or 
other  spiraculum  of  subterraneous  fire,  in  the  N.  E.  parts  of  the 
world,  that  we  ever  yet  heard  of,  from  whence  ft  ni^ht  be  pro- 
jected. 

I  have  much  considered  this  appearance,  and  tidak  It  one  of  the 
hardest  things  to  accoimt  for,  that  I  have  yet  met  with  ia  ttie  pha* 
noniena  of  meteors ;  and  am  induced  to  think  that  it  mnst  be  mmt 
collection  of  matter  formeil  in  the  «ther,  as  it  were  by  aome  for- 
tuitous  concourse  of  atoms,  and  that  the  earth  met  with  it  as  it 
passed  along  in  its  orb,  then  but  newly  formed,  and  before  it  had 
conceived  any  impetus  of  descent  towards  the  sua.  For  its  dhec. 
tiou  was  exactly  o|iposite  to  that  of  the' earth,  arhich  made  aaaagle 
with  the  meridian  at  that  time  (the  sun  being  in  aboot  deteo 
degrees  of  Aries)  of  67* ;  that  is,  its  course  was  from  W.  S.  W.  to 
E.N.  ES.  so  that  the  meteor  seem^  to  move  the  contrary  way. 
And  besides,  falling  into  the  power  of  the  earth's  gravity,  and  fcaiDg 
its  motion  from  the  Ofiposition  ^  the  medium,  it  seema  that  it  dc* 
mended  towards  t».e  earth,  and  wns  extinguished  in  the  Tyrrhene 
Sea,  to  the  W.  S. W.  of  Leghorn.  Tlie  great  report  being  heard  oa 
its  first  tnmiersiou  into  the  water;  and  the  rattlmg,liketliedrfvn9a 
cart  over  stones,  being  %«hat  succeeded  on  its  quenching ;  aoan- 
thio^  like  Hhicb  is  always  obsened  on  quenching  a  very  hot  iroo 
in  water.  These  facts  being  paft  dispute,  I  would  be  gM  to  bate 
the  opinion  of  the  learned  on  tin  m,  and  what  objection  can  be  tea- 
aonably  made  against  the  abovesaid  hypothesis,  which  I  bumMy 
submit  to  their  censure. 
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•CMiwt<if  anrly  flKfa  aBothcr  ippMwtg^  jma  is  QcraHa^^ai  tW 
9«ff  IftCw  at  Uifnc.  I7  Ike  hic  Mr.  Gutted  Kink,  iHw  vw 
fcr—y  ycMiaitiyiti^trt  otonii  af  tlielifff^fdwMpefw 
Ibclly  «dl  ioftraeled  is Ml«Bw«Mcal  iiiin  k  ib  Ayit^^^m  io 
Jib  BirfKMiidci  fiM^  tW  jcw  16SS,  ke  gifcs  tiM  iMufaMc  ac^ 
0tkU  «'0BlW9lihofJdj,O.8.atlMlf«i  hoorpvliMeaitlM 
■WMiitU  t  fife  bdl  with  a  tail  ««s  obsarvtd,  ia  a|  degrees  of 
Aqaanm^  md  V  aatth,  whicli  coatioMd  inuaovcable  for  lialf  m 
qiMfler  of  aa  hour,  lomog  a  diaawter  acarl j  eqval  to  balf  the 
aMoo*t  dkawler.  At  first,  its  light  was  so  great  tliat  we  coaUl  seo 
to  Kad  bf  it:  alter  wincii,  it  gradaalljr  riDifhed  in  it%  phwe.  This 
pbsMaMBoa  was  observed  at  the  flune  tine  hi  serend  other  places ; 
f  i|W  I  bilj!  at  Schlailn,  a  town  distant  liom  Daatiic  eleven  Genoaa 
■rilet  lofwards  the  south,  its  altitude  heug  about  6^  above  the 
soothem  horiaoo." 

At  the  tiaie  of  thb  appearance  the  sun  was  in  26^^  of  Cancer^ 
and  by  tht  giveii  place  of  the  meteor,  it  is  plain,  it  was  seen  aliool 
^  of  aa  hoar  past  the  meridiau,  or  ip  S-  bj  W.  aad  by  its  declina- 
lion  il  eoald  not  be  above  34^  high  at  Leipsic,  though  the  sane,  at ' 
ScMaiae  was  about  60^  high :  the  angle  therefore  at  the  meteor  was 
about  8fl^.  Whence,  bv  an  easv  calculus,  it  will  be  found,  that  the 
tame  was  not  less  than  sixteen  German  miles  distant  iu  a  right  line 
Iran  Leipsx,  and  above  6 4  such  miles  perpendicular  above  the 
horiaoe,  that  is  at  least  thirty  English  miles  high  in  the  air.  Aad 
tboi^h  the  observer  says  of  it,  immotus  per&titit  per  4emi-quadran- 
ten  hoiK,  it  is  not  to  be  undentood  that  it  keeps  its  place  like  a 
fixed  star,  all  the  time  of  its  appearance;  but  that  it  had  no  vety 
ttaarkable  progre:isive  motion.  For  he  himself  has,  at  the  end  of 
the  said  Bphemerides  given  a  figure  of  if,  which  he  has  mark^ 
lig.D,  whence  it  appears  that  it  darted  downwards  obliquely  to  the 
right-hand,  and  where  it  ended,  left  two  globules  or  nodes,  not  visi- 
ble but  by  an  optic  tube  (a  telescope.) 

The  same  Mr.  Gottfried  Kirch,  in  the  beginning  of  a  German  trea- 
tise of  his,  concemiug  the  great  comet  which  appeared  in  the  )ear 
1660^  entitled  Newe  Himmels  Zeitung,  printeJ  at  Nureuburg,  anno 
l681»  giTes  an  account  of  such  another  luminous  meteor,  seen  lik^» 
wise  at  Leipsic,  on  the  22d  of  May,  I68O,  O.  S.  about  three  in  the 
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inoniiBg :  which  thoi^h  he  himself  nam  oof,  was  yt^  there  obterved 
by  iet eral  penont,  who  mtde  v»riout  reports  of  it ;  hot  the  noit 
iotellieent  agreed  that  it  was  seen  descending^  the  nortb,  aad  kft 
behind  it  a  long  white  streak  where  it  bad  |>as8ed«  At  the  mae 
time,  at  Ilnarburg*  the  like  appearance  was  seen  in  the  N.  E.  er' 
nther  N.N.E. ;  as  also  at  Hamburg,  Lobec,  and  Strelsund,  all  which 
are  about  forty  German  miles  from  Lripsic :  Imt  in  all  tbeae  plaoni 
by  persons  unacquainted  with  the  manner  of  pmperly  deacrihiBg 
things  of  this  kind.    So  that  all  we  can  conclude  from  it  ii^  that 

*  th»  meteor  was  exceedingly  high  above  the  earthy  as  well  as  the 
former. 

All  the  circumstances  of  these  phsenomena  agree  with  what  was 
seen  in  England,  in  |  JOB ;  but  it  commonly  so  happens,  that  these 
contingent  appeareuces  escape  the  eyes  of  those  that  are  heal  qaa. 
litied  to  gire  a  good  account  of  them.  It  is  plain,  however^  that 
thb  sort  of  luminous  vapour,  is  not  exceedingly  seldon  thus  coUed- 
ed;  and  when  the  like  shall  again  happen,  the  curious  are  entreated 
to  take  more  notice  of  them  than  has  been  hitherto  done,  thatwt 
may  be  enabled  the  better  to  account  for  the  surprising  appearances 

i#  of  thb  sort  of  meteor. 

[Phil.  Trans.   1714. 

SECTION    HI. 

Extraordinary  Blazing  Meteor ^  seen  all  over  Engiand^  March 

19,   1718.10. 

By  the  same. 

This  wonderful  luminous  meteor,  wliirli  was  seen  in  the  heavens 
on  the  jptli  of  March,  as  it  was  matter  of  surprise  and  astoittsh* 
meat  to  the  vulvar  spectator,  so  it  afforded  no  less  subject  cf 
inquiry  and  entertainnifiit  to  the  speculative  and  curious  inphysicd 
matters  ;  sunie  of  its  pl<aenonieiia  being  exceedingly  bard  to  account 
for,  accor<ling  t(i  the  uotion^  hitherto  received  by  our  naturalists; 
^nch  are  iht*  very  great  heiulit  thtrcof  above  the  earth,  the  vast 
quantitv  of  its  matter,  \\w  extreme  velocity  with  which  it  moved,  ' 
and  the  prodi^fious  explosions  heard  ut  so  great  a  distance^  whoie 
sound,  attended   with  a  very  seusible  tremour  of  the  subject  mr, 
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wu  ccTtiiinlj  |>fa|»gu(e(l  llirougli  a  medium  e^lremely  rare,  and 
nexi  to  a  ticiiura, 

III  No.  341  uf  IliescTtaasaclions,  I  Itave  collecled  what  I  could 
tiiKj  of  such  iiirleors;  and  maee,  luruing  over  llie  E))lieinerides  of 
Ke|iler,  I  acculeiilally  hit  upon  anolli«r,  prior  to  all  those  there 
(leicribcd,  and  which  »as  trvn  all  over  Germany,  Nov.  7.0.  S.  l623, 
*qJ  in  Austria  also  wai  heard  (o  burst  wiib  an  explosiou  like  thua. 
d«r.  Vet  neither  ihiii,  tior  any  of  the  other  hitherto  described, 
sreiti  to  come  up  iu  any  circuiiistnuce  lo  this  late  appearance;  of 
»hicb  I  am  hi  hopes  to  give  a  aaliafactory  account,  beiti);  enabled 
thereto  by  the  numerous  accounts  cominuiiicaled  lo  (he  Royal 
Society  from  moil  parts  of  the  kingdom.  Surue  of  the  most  per. 
(eel  dcscripliuiis  He  have  received  are  the  following. 

First,  our  very  worthy  vice  president,  .Sir  Utiuj  Siomie,  being 
abroad  at  lliat  tiiiir,  happened  lo  huve  hit  eyes  turned  luwHrd)  it, 
al  its  very  first  eruplion  ;  of  which  he  gave  the  following  account : 
that  walking  iu  the  streets  in  London,  at  about  a  quarter  ufler  eight 
al  tiighl,  be  was  surprised  to  see  a  sudden  great  light,  far  eacecd* 
ing  that  of  the  moon,  which  shone  very  bright.  He  turned  [o  the 
westward,  where  the  light  was,  which  he  apprehcndeil  at  tirst  to  b« 
NrtiliciBl  Rn  uurks  or  rockets.  The  Rnt  place  he  observed  it  iu, 
was  about  the  Pleiades  northerly  ;  whence  it  moved  after  the  man- 
ntr  of  a  fnlhng  star,  but  more  slowly,  iu  a  seeming  direct  hue,  de- 
sccndiug  a  little  beyond  and  below  the  stars  hi  Orioo's  Bell,  then 
in  the  &.W.  The  long  stream  appeared  to  be  branched  ubout  ibe 
middle,  and  ihe  meteor  in  its  way  turned  pear.fdshioned,  i>r  taper> 
ing  upwards.  At  llie  lower  end  it  came  at  last  to  be  lurger  and 
spherical,  though  it  was  not  so  large  as  the  full  moon.  Its  colour 
waa  whilisli,  with  an  eye  of  blue,  of  a  most  vivid  dazzling  lustre, 
which  Mcined  in  brightness  very  neaily  to  resemble,  if  nol  surpass, 
that  of  Ihc  body  of  the  sun  in  a  clear  day.  This  brightness  obliged 
liim  lo  turn  his  eyes  several  times  from  it,  as  well  when  il  wbs« 
itrearo,  as  when  it  was  pear- fashioned  and  a  globe.  It  seemed  lo 
niove  ia  about  half  a  minute,  or  less,  about  the  length  of  20',  and 
to  go  out  about  as  much  above  the  hoiizun.  Ttiete  was  left  be> 
iiiiid  il,  where  il  had  |uused,  a  track  of  a  cliiuily  or  faint  r«ddisti 
yellow  colour,  such  as  red-hoi  irou  or  gloiving  coals  have,  which 
continued  more  than  a  miuute,  seemed  Iu  sparkle,  ami  kept  its 
place  without  falhng.     This  liact  was  interrupted,  or  liat 

»oL.  tv.  s  r 
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towards  its  upper  end,  at  aboat  two^thirds  of  its  leoglb.  He  did 
not  licar  any  noise  it  made ;  but  the  place  where  the  globe  of  light 
Iwd  been,  continaed  for  some  tioK  after  it  was  extinct,  of  the  same 
reddish  yellow  colour  with  the  streaiOr  and  at  first  some  sparks 
seemed  to  issue  from  it^  such  as  come  from  red-hot  iron  beaten  oat 
on  an  anvil* 

All  the  other  accounts  of  the  phenomenon,  in  LondoB,  agree  ia 
this,  that  the  splendoor  was  little  inferior  to  that  of  the  aun ;  that 
within  doors  the  candles  gave  no  manner  of  light,  and  in  the  strecti 
■ot  only  all  the  stars  disappeared,  but  the  moon,  then  nine  days 
old,  and  high  near  the  meridian,  the  sky  being  very  clear,  was  sa 
ftr  eflbced  as  to  be  scarcely  seen ;  at  Feast  not  to  cast  n  abade,  even 
where  the  iMaras  of  the  meteor  were  intercepted  by  the  bouses ; 
10  that  for  some  few  seconds  of  time,  in  all  respects  resemUed  pe^ 
fcct  day* 

Tlie  time  when  this  happened  was  generally  reckoned  at  a  quar- 
ter past  eight ;  but  by  the  more  accurate  account  of  tltt  Rev.  Mr. 
Found,  who  only  saw  the  light,  agreemg  with  what  baa  been  sent  us 
from  the  Parisian  observatory,  it  appears  to  have  been  at  e%lit 
hours  eight  minutes  apparent  time  at  London.  And  the  inn  being 
then  in  9|^  of  Aries,  the  right  asceasion  of  the  mid^heaven  wii 
130^  45',  by  which  the  position  of  the  sphere  of  fixed  stars  isgivca. 
Hence  the  lucida  pleiadum  will  be  found  at  that  time  to  have  been 
23|^  high,  in  an  azimuth  6**  to  the  northward  of  tbe  west ;  ssd 
consequently  the  arch  the  meteor  moved  in,  was  loclhied  to  tbe 
borizon  with  an  angle  of  about  2?^  having  its  node  or  intenedkn 
with  it,  nearly  south.south-west,  as  will  be  more  evident  by  wbit 
follows* 

At  Oxford,  five  minutes  earlier,  Mr.  John  Whiteside,  R.  8.  Soc. 
Keeper  of  the  Asbmolean  Museum,  and  very  skilfal  in  both  aatbe- 
niatical  and  physical  matters,  immediately  afler  the  extineHoa  rf 
the  meteor,  made  haste  out  to  see  what  it  might  be ;  and  weH  cob. 
sidering  the  situation  of  the  track  it  had  left  in  the  iky,  found  it  to 
have  passed  about  l|^  above  the  preceding  shonMer  of  Orioi^  aid 
about  3^"^  above  the  middle  of  his  Belt,  where  there  appealed  a 
luminous  nubecula  of  a  reddish  light,  behg  a  dilation  of  tbe  txwi, 
seeming  to  have  been  occasioned  by  some  explosion  there ;  and  hj 
what  he  could  learn  from  those  that  saw  it,  It  waa  theieaboot  tbst 
ft  broke  out,  and  first  began  to  efiace  the  stan.  Hence  it  proceeded 
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u  to  Mnse,  ill  an  arrh  of  a  great  circle ;  and  pniisiug  iti  (he  middle 
belwteii  (he  tad  of  Lepm.  Biiyer'^  S  and  )3  in  the  fort.foot  of  Canis 
Mi^ur,  it  ternriimled  about  g  in  lite  brcuil  of  the  same,  near);  in 
$6"  of  riglil  asceniion,  with  -23°  south  dcclinaliuii ;  and  ai  Ihc  place 
o(  ii*c\tjiicliuu  there  reinuiued  a  large  whilbli  nebula,  much  liruader, 
and  of  ■  ilrouger  liglit,  than  the  rest  of  the  truck,  wliicli  lie  took 
far  u  certain  iDdiralioit  of  a  very  great  explwioii  made  there.  By 
coniputa(ioi),  it  will  be  fuund  that  Ihe  angle  tlm  truck  niade  with 
Ibr  horizon  of  Oxford  wai  tiearty  40°,  and  its  iniencctioii  due 
S.  S.W. ;  and  Ihal  the  place  of  its  extinction  was  about  g''  alrave 
ihc  horizon  in  (he  aziniulh  of  3^  tu  the  went. 

At  Worcester,  Mr. Nicolas  Futio,  a  jicrton  gready  skilled  in  antro- 
iiomical  affairs,  mw  this  meteor  descend  ubiiijiiel)  towards  the  south, 
naking  an  angle  with  the  horizon  of  abDu(  65",  and  in(i-nec(ing  it 
«l»ou(  S.  S.W,  I  S.  The  truck  left  ull  Oriou  and  Cuiis  Mbjnr  to 
llie  westward,  and  divided  the  dis(ance  be(Heen  Sirins  and  Procjon, 
so  a*  lo  be  almost  twice  as  far  from  Proc^on  as  Sirius.  The  lime 
beic  vas  one  ininute  before  eight,  this  city  being  about  nine  mi- 
nulca  of  time  to  the  west  of  London,  and  consequently  the  right 
uccnawa  of  the  mid. heaven  126^  degrees. 

Now  the  situation  of  the  three  cities,  Loudon,  Oxford,  and 
WorcCTler,  being  tieaily  on  ibe  same  W.N.W.  point,  on  which  the 
lra«k  of  the  ineteor  had  its  greatest  altitude  abot«  the  horizon,  equal 
to  tbe  aD)>le  of  its  visible  way  ;  if  we  suppose  it  at  London  to  have 
b(«n  27  degrees  high,  and  at  the  same  lime  at  Worcester  to  be  65 
degrees  iiigh,  in  thi-  plane  of  the  vertical  circle  passing  through 
Loftdoo  and  Worcester  i  supposing  likewiae  the  distance  between 
tfaeoi  to  be^O  gei •graphical  miles,  or  one  degree  and  a  half  of  an  arch 
of  a  great  ciicle  ol  the  earth,  we  shall,  by  an  easy  lri|;<inonKlrical 
calculus,  find  the  perpendicuhtr  beieht  to  have  been  64  such  miles; 
and  the  point  over  which  it  was  then  perpeudicnlar  to  have  been  30 
such  miles  W.N.W.  from  Worcester;  and  the  geographical  mile  lo 
tile  English  statute  mde  being  nearly  as  S3  to  SO,  this  height  will 
be  tto  less  Ihau  7S|  English  miles ;  the  place  directly  under  it  will 
be  foUdd  lo  be  about  Prestrign,  nn  the  conlines  of  Hereford  and 
Kaduorsbires.  The  Oxford  observation  nearly  agrees  in  the  tame 
coiicluiiun. 

This  altitude  lieiitg  added  lo  the  semidiameler  of  the  earth  as 
/adiu^  beceuiei  Uie  seceal  of  1 1  degrees:  so  that  llie  meteor  nujbt 


TRAORDINABY  BLAZIKC    METEOIT,  ^^^" 

be  *eeu  above  Ibc  borixon,  in  nil  plar«s  not  more  than  290  leagim 
(tiatant  from  it.     Wltcnce  it  wilt  not  be  sirange  ibat  it   sbouM  b«    ' 
Mcn  over  all  parts  of  tbe  islands  of  Great  Biiiain  and  Ireland,  over 
all  Holland,  and  (he  liilber  parts  of  Germany,  France,  and  Spain, 
■I  one  and  the  same  iiiilant  of  time. 

Tbis  suggests  a  euiisiderable  uk  thai  mlgbt  be  made  of  I  hew 
niomentaneous  pbsiiomena,  for  determining  tbe  geographical  Ion. 
giludes  of  places.  For  if,  lit  any  two  places,  two  abseiven,  by  belp 
of  pendulum  clocks  dulv  corrected  by  celestial  observation,  exactly 
naie  at  what  hour,  miiiiite,  and  tecond,  sucb  a  meteor  as  ibis  ex^ 
plodes  and  is  extingulsl)ed,  the  iljflerence  of  ihote  times  viill  be  (be 
difference  of  longitude  of  ttic  two  places,  as  is  well  kaoma.  ' 

Having  tlius  fixed  one  point  in  llie  Ime  of  its  motion,  let  ns  ooir 
consider  wbal  course  tbe  meleor  took  from  ibence.  And  fir$l  at 
tbe  town  of  Kirby  Sleplien,  on  tbe  borders  of  YorksbJre  and 
Weslmorelaud,  in  a  meridian  very  lillle  lo  tbe  westward  of  Wor- 
cester, bill  about  two  degrees  and  a  balf  more  lo  llie  north,  it  was 
observed  to  break  out  as  from  a  dusky  cloud,  directly  under  the 
nioon,  and  from  llieiice  lo  descend,  nearly  in  a  perpendicular,  almost 
to  tbe  Itoriioa.  Now  tbe  moon,  being  at  that  time  in  Ihe  tliird 
degree  of  Leo,  was  about  half  tin  liour  past  the  meridian,  and  coo- 
1  M^uently  much  about  a  point  to  the  west,  or  S,  by  W,;  and  tbe 
[  biluatiou  of  Presteign  from  Kirby.Sleven  being  sufficiently  near  oo    ' 

le  point,  it  follows  llial  tbe  direction  of  tbe  track  of  tbe 
I  iMeleor  was  according  to  tbe  great  circle  passing  over  those  (wo 
I  i^aces. 
*     And  Ibis  is  further  confiniied  by  the  obscrvalioii  of  Sam.  Cmwys, 
<E>q.  Reg.  S.  5.  who  at  TiverloRt  about  twelve  geographical  mile* 
I  jacarty  due  north  from  Eieter,  observed  tbe  first  explosioD  of  this    ' 
I  iJMIeot  exacUy  m  bis  leuith.  as  he  was  assured  by  a|^lying  fab  eve 
I  0D  tbe  side  of  his  door,  which  be  took  to  be  perpendicutar,  and    ' 
I  «l»oking  upwards  :  and  from  thence  be  saw  it  descend  to  die  soulb- 
I  IWard,  directly  in  Ibe  same  atimutb,  without  declining  either  to  the  ' 
1  Uigbl  or  left.     Hence  it  is  plain,  tlial  tbe  track  Ukewise  passetl  over  ' 
I  tiiUi  place,  which  by  our  best  maps  is  found  to  lie  in  a  line  with 
[vVtesleign  and  Kirby.Steven;  so  that  we  shall  lake  it  for  granted  ' 
ihat  this  was  the  very  course  it  held, 
a.    On  Ibis  suHwsiiioii.  Ihat  the  firtl  explosion,  attended  with  i 
lllcddisb  nubecula,  was  directly  oveiTivwton,  we  Lave  Uw  0»U 
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at>trrvatian  to  compare  wiili  it,  rn  order  to  del«rmine  more  oiulj 
the  perpendiciiliir  ultitude  there.  At  Oxford  this  nubecula  wa« 
tbuDd  ro  he  3j"  above  llie  middle  sUr  of  Orion's  girdle,  at  6li.  3m. 
and  was  tJterefore  26}°  above  the  horizon  ;  and  llie  distance  between 
Oxfiinl  and  Tiverton  being  1"  55',  or  1 1 5  geographical  miles,  it  will 
be  8*  the  sine  of  61°  35'  is  to  the  fine  of  65° 30',  »a  is  the  senu.dia- 
nieter  of  the  earth,  or  3l37isuc4i  miles,  (o  349S  tuiks,  the  distance 
of  the  meteor  from  the  centre  of  Ibe  earth  ;  from  wtiich  deducting 
the  «emi-diRnieler,  there  remains  60j  geographical  miles,  for  the 
lieight  of  llw  meteor  above  Tiverton.  Aod  this  is  confirmed  by  Ibe 
obscrralion  of  the  Kcv.  Mr.  William  Dertiam,  who  at  Windsor  saw 
the  aforesaid  nubecula  about  two  degrees  above  the  most  southern 
flf  the  seven  stars  in  the  shield  of  Orion;  that  is  (the  time  being 
8b.  dm.)  in  the  altitude  of  33f°:  whence,  the  distance  between 
Tiverton  and  Windsor  being  I50  measured  miles,  or  l30geogrH- 
plikal,  by  a  like  proportion  we  shall  find  (he  saoie  height  of  the 
tneleor  60  such  nulei,  wanting  oidy  one  c{uarler.  So  that  in  a  round 
number,  vre  may  conclude  it  to  have  been  just  60  geographic,  or 
6it  statute  miles,  above  the  earth's  surface.  It  is  impossible  to  come 
at  a  precise  determinalion  of  Ibis  matter ;  by  reason  of  Ihe  coarse- 
lieu  and  inaccuracy  of  the  data,  which  were  only  the  notes  of  per- 
sons under  the  surprise  of  the  suddenaess  of  the  light,  and  an  ways 
pretending  to  exactness;  however,  such  as  they  are,  they  nbuii. 
dtnlly  evince  the  height  to  have  exceeded  fiO  English  miles,  though 
some  would  have  it  to  he  no  more  than  38  or  40. 

1  was  unwilling  to  leave  off,  till  I  had  pitched  on  some  hypothesis 
that  might  subject  the  motion  of  thi-<  meteor  to  a  calculus ;  ihiU 
the  curious  might  be  able  to  compute  its  visible  way,  either  in 
respect  of  Ihe  horizon,  or  among  the  fixed  siars :  this  I  fuund 
inigbt  be  done  with  tolerable  exactness,  supposing  that  it  moved  in 
the  arch  of  a  circle  concentric  with  the  eartb,  and  6o  geographical 
nulei  without  it ;  and  that  the  point  of  the  first  explosion  was  over 
thelat  of  20"  40',  and  3''40'to  the  west  of  Londou;  and  that  of  the 
last  extinction  over  lat.  47°  i(/,  with  4°  50'  west  longitude ;  the  time 
being  fixed  to  eight  minutes  past  eight  at  London.  Hence  it  will  he 
easy,  by  a  trigonoroelrical  process,  to  obtain  the  visible  altitude  aud 
aiimuth  ol  the  meteor  at  either  of  its  explosions,  as  seen  from  Buy 
place  whose  longltnde  and  laliiude  is  known;  and  from  the  time 
given,  tbe  poiols  iu  ihe  sphere  of  stars  aniwering  to  tboM  asimuthl 
2  F3 
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iod  altihuiti  an  vndUj  deduced.  And  let  those  who  eoBlnd  for 
a  mucb  kai  height  of  this  aieteor,  try  if  they  can,  on  such  their  sup* 
pofhioo,  to  lecoocile  the  teieial  phsnoneaa  with  ofie  aootfaer,  aad 
with  the  obeervatioa  of  the  Rev.  Mr.  WiUiam  Ella,  rector  of  Rjiop- 
too  in  Nottiof  bamshiie,  betweeo  Gaiosboroogh  aod  Rodford*  which 
for  its  emactness  I  must  not  omit*  Hcie,  at  8h.  Sm.  the  aMteor 
wai  seen  to  psMt  preciiplj  in  the  middie  between  Sirius  and  the  tea 
ibot  of  Canift  Major,  niovini^  cibliqueW  to  the  soiithweid,  m  m  fiat 
whose  directioo  seemed  to  be  froaa  the  middle  betweca  the  two. 
Aouklers  of  Oiioa ;  the  btitude  of  the  place  beine  oeailj  53*90V 
and  looj(.  west  from  London  0*  46^  Let  them  try  how  they  cae 
account  for  iu  being  teeo  fit e  degrees  high  at  Aberdcea  in  Scotlaady 
and  near  as  mach  at  Peterhead,  half  a  degiee  tmon  aorthcriy :  and 
then  they  will  be  belter  able  to  judge  whether  it  did  not  exceed  the 
icpoled  bmits  of  onr  atmosphere.  Lastly*  if  the  apparent  aitiffc 
of  tbe  meteor  at  Pteris  was  not  five  degrees  and  a  half,  batdeioi^ 
on  tbe  W.  byN.  point, « hen  it  mast  hafe  been  in  itsgieatcat  hntic^ 
there  wHI  l>e  no  pretence  to  bring  it  lower  than  1  have  nmde  it; 
especially  if  it  be  allowed  to  bate  followed  the  track  I  havaas^gped 
if,  ofer  PresteigOy  Cardiff,  Minehead,  Tiverton,  and  Brest  in  fiie- 
tany. 

Allowing  this  to  have  been  tbe  path  it  nraved  in>  it  woald  be 
easy  to  assign  the  real  magnitude  and  velocity  of  thb  meteor*  if  the 
several  accounts  of  its  apparent  diameter,  and  of  the  tine  of  ito 
passage  from  one  of  its  explosions  to  tbe  other,  were  coansteal 
among  themselves.  Bat  some  of  them  making  its  visible  appcaiaace 
aearly  equal  to  the  sun's,  which  in  the  opinion  of  many  it  far  ei. 
ceeded,  mc  may  suppose  nith  the  least  that,  at  the  time  when  it  first 
broke  out  over  Tiverton,  its  diameter  was  half  a  degree ;  and  its 
horiiontal  distance  being  150  geographical  miles  from  London,  and 
its  altitude  6Q»  tlie  bypotheuusal,  or  real  distance  from  the  eye^  will 
be  more  than  l60  such  miles ;  to  which  radius  the  sabtanse  of  half 
a  d^ee  ^ill  he  above  an  English  mile  and  hal^  being  about  S800 
yards  nearly.  After  the  same  manner  it  n  difiicult  to  asaign  its  dae 
velocity,  while  some  make  it  half,  others  less  than  a  quarter,  of  a 
mhiute,  in  passing  from  its  first  explosion  to  its  last  extaictioa :  bat 
the  distance  it  moved  in  that  time  being  about  three  dcgraea,  or  180 
geographical  miles,  we  may  modestly  compute  it  to  have  nw  above 
300  such  miles  in  a  minute ;  which  is  a  awifbess  wholly  ineradlMa; 
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and  nich,  Ihat  if  a  hnvy  body  were  projected  boriconlally  ntlb  the 
i»iat,  il  would  nut  descend  by  ils  gravity  to  tlie  earth,  but  would 
»(lier  By  oS,  and  move  round  ib  centre  in  a  peqxlual  ofbit  like 
Ihat  oflhe  moon. 

Of  wveral  accidents  that  were  reported  to  have  allended  its  pas. 
tagr,  sotiK  were  llie  effect  of  pure  faucy ;  sucli  as  tlie  hearing  it  bi» 
a*  il  went  along,  ax  if  il  liad  been  very  near  at  band :  some  imagined 
tbey  felt  the  warmth  of  its  beams ;  and  others  thought  they  wtie 
scitlded  by  it.  But  whnt  it  certain,  and  no  way  to  be  disputed,  i* 
(he  ffontlerful  uoiae  that  followed  its  explosion.  All  accounts  from 
DcTOQ  and  Cnmwalj,  atid  the  ncighboutiiig  counties  are  unanimous, 
lh«t  there  was  heard  tberet  as  it  were,  the  report  of  a  very  great 
rannon,  or  rather  of  a  broadside,  at  some  dulance,  wbich  was  sood 
followed  by  a  rattling  noise,  as  if  many  small-arms  had  been  promis. 
cuouily  dixcharged.  What  was  peculiar  to  Ihii  sound  was  that  it 
was  attended  wilh  aa  uncommon  tremour  of  the  uir,  and  every 
where  in  those  couutii-'ti,  very  seasibly  shook  the  g1ass.wiuJows  and 
doon  in  Ibe  bou»s,  and  according  to  some,  even  the  bouses  them. 
seWei,  beyoud  the  usual  effect  of  cannon,  though  near  ;  and  Mr. 
Cruwys,  at  Tivertou,  on  this  occasion,  lost  a  looking-glass,  Mhicb 
being  loose  in  its  frame,  felt  out  on  the  shock,  and  was  broken. 
We  do  yet  know  the  extent  of  this  prodigious  sound,  which  was 
heard,  against  the  then  easterly  wind,  in  the  neighbourhood  of  Lon- 
don;  and  by  llie  learned  Dr.  Tabor,  who  distinctly  heard  il  beyond 
Lewes  in  Sussex  :  so  that  1  cannot  help  thinking,  that  such  ii  me* 
teor  as  this  might  have  occasioned  that  famous  ode  of  Horace ; 
Parent  deorum  cultor,  &c. 

Nainqiie  Dietpilct 

I^dI  cnruifo  nobilBdrndpiu,  

'  1'  Plcrumqiir ;  pvrpunim  loDHWe 

^M  Qgo  bruta  [«llin.  Ac.         Cancali 

But  wbetbcr  the  report  heard  near  Lewes  was  of  that  explosion 
rigbt  ortz  Devonshire,  or  rather  of  thai  tatter,  and  much  greater  ut 
llie  extinction  over  Brelany,  1  shall  not  undertake  to  determine,  till 
we  have  some  further  accounts  from  France,  and  more  ^titfactnry 
infonnalioD  to  build  upon. 


0  attempt  i 


;  towardi  »  aolalioii  of  the  uif 
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common  phaenomena  of  this  meteor ;  and  by  comparios  diem  with 
things  more  familiar  to  u$>  to  shew  at  least  how  they  might  possibly 
be  effected.  And  first,  the  unusual  and  continued  heats  of  the  last 
summer  in  these  parts  of  the  world,  may  well  be  supposed  to  hare 
excited  an  extraordinary  quantity  of  %'apour  of  all  scirts  ;  of  which 
the  aqueous,  and  most  others,  soon  condensed  by  cold,  and  wautiog 
a  certain  degree  of  specific  grarity  in  the  air  to  buoy  them  ap^ 
ascend  but  to  a  small  height,  and  are  quickly  returned  in  raiD,  dews, 
&c.  whereas  the  inflammable  sulphurous  vapours,  by  an  inoate 
levity^  have  a  sort  of  vis  centrifuga,  and  not  only  have  no  need  of 
the  air  to  support  them,  but  l)eing  agitated  by  heat,  will  ascend  in 
vacuo  Boileano,  and  sublime  to  the  top  of  the  receiver,  when  most 
other  fumes  fall  instantly  down,  and  lie  Idie  water  at  the  bottooL 
By  this  we  may  comprehend  how  the  matter  of  the  meteor  might 
have  been  raised  from  a  large  tract  of  the  earth's  aurftce,  and  as- 
cend far  above  the  reputed  limits  of  the  atmosphere  |  where,  being 
disengaged  from  all  other  particles,  by  that  principle  of  nature  that 
congregates  homogenia,  visible  in  so  many  instance*,  ita  atoou  misbt 
in  length  of  time  coalesce  and  run  together,  as  we  see  salts  sbootio 
water,  and  gradually  contracting  themselves  into  a  narrower  com- 
pass,  might  lie  like  a  train  of  gun|K)Hder  in  the  ether,  till  catching 
fire  by  some  internal  ferment,  as  we  find  the  damps  in  mines  fre^ 
queiitly  do,  the  flame  would  be  communicated  to  ita  oontinaed 
parts,  and  so  run  on  like  a  train  fired. 

This  may  explain  how  it  came  to  moire  with  so  inconceivable  a  ve« 
locity :  for,  if  a  continued  train  of  powder  were  no  larger  tlian  a 
barrel,  it  is  not  easy  to  say  how  ver}  fast  the  fire  would  fly  along  it; 
much  less  can  we  imagine  the  rapidity  of  the  ascension  of  these  otore 
inflammable  vapours,  lying  in  a  train  of  so  vast  a  thickness.  If  this 
were  the  case,  as  it  is  highly  probable,  it  was  not  a  globe  of  fire  that 
ran  along,  but  a  successive  kindling  of  new  matter :  nnd  as  soaic 
parts  of  the  earth  might  emit  these  vapours  more  copiously  thaa 
others,  this  train  might,  in  some  parts  thereof,  be  much  denser  and 
larger  than  in  others,  which  might  occasion  several  smaller  explo. 
sions,  as  the  fire  ran  along  it,  besides  the  great  ones,  which  were  like 
the  blowing  up  of  magazines.  Tlius  we  may  account  for  the  rattling 
noise  like  small-amis,  heard  after  the  great  bounce  ou  the  exptoskui 
over  Tivt  rton ;  the  continuance  of  which,  for  some  time,  aigacs 
tliat  its  sound  came  from  distances  that  increased. 
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What  majT  be  stid  to  tbc  propagatioD  of  the  sound  through  m 
mediom,  according  to  the  received  theory  of  the  air  above  500,000 
timet  rarer  thao  what  we  breathe,  and  next  to  a  vacuum,  I  must 
conlass  I  know  not  Hitherto  we  have  concluded  the  air  to  be  the 
vebide  of  sound ;  and  in  our  artificial  vacuum  we  fiud  it  greatly 
dimmtsbed :  but  we  have  this  only  instance  of  the  effect  of  an  ex. 
plosion  of  a  mile  or  two  diameter,  the  immensity  of  which  may 
perhaps  compensate  for  the  extreme  tenuity  of  the  medium. 

lPhil.TfM$.l7i9. 


SECTION   1T« 

Mei€or  of  a  Flaming  Sword,  seen  im  rorkihire,  mnd  other 
neighbouring  Count ieij  Af«y  \S,  1710. 

Bjr  Mr.  Ralph  Tborctliy. 

A  rrVAMOE  meteor  was  iteen  at  Leeds,  on  Holy  Thursday,  1710^ 
which  the  common  people  call  a  flaming  sword.  It  was  seen  in  the 
neighbouring  towns^  but  a  great  way  norths  as  also  above  fiAy 
miles  aoath  of  Leeds.  It  appeared  liere  at  a  quarter  past  ten  at 
night,  and  look  its  course  from  south  to  north :  it  was  broad  at 
one  eiid»  and  small  at  the  otiier ;  and  was  by  some  thought  to  re. 
aemble  a  trunipet,  and  moved  with  the  broad  end  foremost.  The 
l%ht  was  so  sudden  and  briisht,  tliat  people  were  startled  to  see 
their  own  shadows,  when  neither  sun  nor  moou  shone  upon  them. 
This  is  remarkable,  that  all  persons,  though  at  many  miles  db< 
tanee  from  each  other,  wheu  they  saw  it,  thought  it  fell  withm 
three  or  four  furlongs  of  them,  and  that  it  went  out  with  bright 
aparklings  at  the  smdl  end.  An  ingenious  clergyman  told  me,  that 
ft  was  the  strangest  deceptio  visui  he  was  ever  sensible  of,  if  it  was 
not  absolutely  ex*int:uisbed  witliin  a  few  paces  of  him  ;  and  yet 
oChcfs  saw  it  many  miles  off,  further  north,  in  a  few  moments.  It 
was  likewise  seen  in  the  counties  of  Nottmgham  and  Derby,  as  well 
MB  those  of  York  and  Lancaster. 

[Ibid.  1711. 
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SECTION  V. 

Luminous  Meteor,  seen  at  Peckham,  Dec.  II,  1741. 

Bj  Thomas  Milner,  M.D. 

Dec.  ll»  174U  >t  seven  Qiinutet  past  one  iu  the  aftenioon,  t 
glube  of  light,  bomewhat  larger  than  the  horizontal  fiill  mooo,  aod 
as  bright  as  the  iiiooo  appears  at  any  time  while  the  sun  is  above  the 
horizon,  instant aneoiiftly  appeared,  in  a  clear  blue  iky,  about  the 
S  S.E.  moving  towanis  the  east  with  a  continual  equable  motioo,  and 
leaving  behind  it  a  narrow  streak  of  light,  whiter  thao  the  globe 
itself,  throii'fliout  its  whole  course.  Towards  the  end  it  appeared 
less  f  hau  at  the  beginning  of  its  motion ;  and  within  thret,  or  at 
most  four,  secomls,  it  suddenly  vanislied.  Its  apparent  velocity  was 
nearly  equal  to  half  the  medium  velocity  of  those  usual  meteors 
commonly  called  fieiHiog  or  shooting  stars. 

I'he  narrow  luminous  streak  remained  very  distinct  after  the  globe 
was  gone;  and  gave  a  fair  opportunity  for  taking  the  clevatioB  of 
this  phenomeuoD  above  the  horizon,  at  the  beginning  and  end  of 
its  motion,  &c.  which  was  found  to  be  twenty  degrees*  This  lomL 
nous  track,  or  path,  seemed  a  right  line,  not  quite  parallel,  but  a 
little  inclined  to  the  plane  of  the  horizon,  viz.  highest  towards  the 
east.  It  was  at  first  very  narrow,  and  pointed  at  each  estiemity ; 
but  soon  grew  broader,  and  within  twenty  minutes  after  the  appear^ 
ance,  it  was  exactly  like  a  long  bright  rare  cloud,  discontinued  k 
two  places,  above  three  times  its  first  breadth,  and  a  little  moif 
inclined  to,  and  elevated  above,  the  horizon,  than  it  was  inii 
after  the  motion  of  the  globe. 

[Phil.  Trans.  I742. 

SECTION  VI. 

Account  of  some  late  Fiery  Meteors^  with  Observations. 

By  Charles  Blagdrn,  M.D.  Sec.  R.  S. 

This  account  respects  chiefly  the  two  most  remarkable  of  the 
meteors  that  had  lately  appeared,  and  is  founded  partly  on  private 
communications,  and  partly  on  such  accounts  as  were  published  in 
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tb«  Denrspapert.  These  meteors  were  of  the  kiod  knowo  to  the 
ancients  by  the  names  of  Aaiairx^ff,  IIiSoi.  Bolides,  Faces,  Olobi^ 
Sic.  from  particular  diAerciices  iii  their  shape  and  appearaoce,  and 
sometimes,  it  seems,  under  the  jseneral  term  of  comets:  in  the 
Philosophical  Transactions  they  are  called  indiscriminately  fire- bails, 
or  fiery  meteors ;  and  names  of  a  similar  import  have  been  ap})lied 
to  them  in  the  difierent  languages  of  Europe.  The  most  material 
circumstances  observed  of  such  meteors  may  be  brought  under  the 
following  beads.  1.  Their  general  appearance.  2.  Their  path. 
8.  Their  shape  or  fignre.  4.  Their  light  and  colours.  5.  Their 
height.  6.  Their  noise.  7.  Their  size.  8.  Their  duration.  9. 
Their  velocity. 

Dr.  B.  begins  with  the  first  of  these  meteors,  which  was  seen 
August  18,  1788. 

§  1.  lu  general  appearance  in  these  parts  of  Great  Britain  was 
that  of  a  loHooos  bail,  which  ro^  in  the  N.N.W.  nearl>  rounds 
became  elliptical,  and  gradually  assumed  d  tail  as  it  a>cended^  and 
in  a  certam  part  of  its  course  seemed  to  underi^  a  remarkable 
change,  amipared  to  bursting :  after  which  it  proceeded  no  longer 
as  an  entire  aMss,  but  was  apparently  divided  nito  a  great  number, 
or  a  cluster  of  balfo,  some  larger  than  the  others,  and  all  carrying 
a  tail  or  leaving  a  train  behind ;  under  this  form  it  continned  its 
ooorsa  with  a  nearly  equable  motion,  droppuig  or  ca:»tiiig  off  sparks^ 
aadl  yielding  a  prodigious  light,  which  illuminated  all  objects  to  a 
aurprisiiig  def>ree;  till  having  passed  the  east,  and  verging  consider. 
aUy  to  the  southward,  it  gradually  distended,  and  at  length  was  lost 
Ottt  of  sight.  Tlie  time  of  its  appearance  wa^  ph.  ]6mhi.  P.M. 
WKWi  time  of  the  meridian  of  London,  and  it  continued  visible 
abont  half  a  miuute. 

1 9.  How  far  north  the  meteor  may  have  begun  there  are  no 
Biaterials  to  determine  with  precision ;  but,  an  it  was  seen  in  Sliet« 
hod,  and  at  sea  between  the  Lewes  and  Fort  William,  and  appeared 
to  persons  at  Aberdeen  and  Blair,  in  Athol,  ascemling  from  the 
northward;  and  to  an  observer  ni  Edinburgh  as  rising  like  the  planet 
Mars;  there  can  be  little  doubt  but  its  coune  commenced  beyond 
the  firthest  extremity  of  this  island,  honieMlicre  over  the  northern 
General  Murra>,  F.R  S.  beuig  then  at  Athol  House,  saw  it 
over  hi5  liead  as  nearly  vertical  as  he  could  judge,  tracing  it 
fion  about  45  degrees  of  elevation  north.north-westward  to  50  or 
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20  ih^f€m  iiwth>«afh^aat»«d,  whm  m  mige  of  ImildiBgs  inter* 
eeptcd  ic  fron  hii  Hew.  Fraa  anr  the  aeaith  of  Athol  Hook,  k 
pill  i  oo  «  iktfc  wcatwiffd  of  Perth,  wd  probably  o  little  ctthnrf 
of  EffiofaunEh :  aod  continning  ill  progwai  over  the  soalh  of  Scrt- 
limd.  aod  the  weatera  pwtsof  NonhasberlaHl,  omI  the  faohtpiic 
of  Duriuaij  pcocecded  alanst  throo^  the  ■iiidle  of  Toiiilaf; 
lexvinc  the  capital  of  that  coontj  soawvbat  to  the  eartojid, 
Hiiiicrto  its  path  was  as  nearh  S.S.E.  m  can  be  ■irtrtiiMid;  kt 
aomewbert  aear  the  borden  of  YoiUure^  or  in  fjuroifhire,  it  ipb 
]icac«  to  have  ffadaally  deviated  to  the  eastwaid;  aad  in  thecoBK 
of  that  deviatioB  to  have  sudeied  a  verj  reiaarhable  change  m  tk 
oamre  of  iM  apfearaace,  and  to  have  separated  ioto  two  parti.  JJhr 
thi5  divhioa  the  niiB|>iit  duster  of  sauUler  metcois  tcaai  to  km 
■Mivcd  for  some  taae  almost  S.E.  thos  traietaiiig  C9mkndgalu% 
aad  perhaps  the  western  confines  of  Suffolk:  bat  gndaiBf  lecofff. 
iaf  ifei  in'ynal  diieilkin,  it  proceeded  over  Emex  aad  the  Stiaits  of 
Dover,  enlerinf  the  continettt  probabl j  not  hj  from  DanUA,  vfaeny 
as  wcfi  as  at  Calais  omI  Ostend,  it  was  thought  to  be  vRtkaL  At 
inwards  it  was  scea  at  BmaKb^  Fans*  and  Nuits  in  Biiigwrfj,<l 
boldiag  on  its  course  to  the  southward ;  oaj,  there  is  an  iatiantiNb 
tboa^  of  donbtlul  aathoritv,  that  it  was  perceived  at  RoBBc  Oar 
jnforaiirion  of  its  progress  oter  the  contineiU  is  indeed  very  dciedife 
and  obscure ;  yet  we  have  sufficient  proof  that  it  travened  Is  d 
thirteen  or  fourteen  degrees  of  latitude,  describing  a  track  of  1000 
auks  at  least  over  the  sorfoce  of  the  earth  ;  a  length  of  coutk  iir 
exceeding  the  utnost  that  has  been  hitherto  ascertained  of  WKJ 
siaiflar  phenomenon. 

)  3.  This  meteor  was  described  by  most  spectators  under  tfctte 
difl^rent  fonns^and  »  so  represented  by  Mr.  Saodby  in  his  bcaatiftl 
drawing ;  but  the  fint  two  of  those  do  not  imply  any  real  vatatfin 
in  its  sbapr»  depending  only  on  a  difference  in  the  point  €i  viea. 
Accordingly,  in  the  first  part  of  its  course  over  Soothmd,  it  an 
seen  to  have  a  tail,  aod  is  thos  described  by  General  Murray  vki 
it  passed  Atbol  House.  Two  causes  concur  in  thb  deception;  fat 
the  fore-shortening,  and  even  occultation,  of  She  tail,  when  theoi^sct 
is  seen  nearly  in  frout ;  and,  2dly,  that  the  light  of  most  part  of  Ik 
tail  is  of  so  inferior  a  kind,  as  to  be  difficultly  perceived  at  a  gitit 
dbtance,  especially  when  the  eye  is  daaded  by  the  overpowerhf 
brillamcy  of  the  body.    The  length  and  shape  of  the  tail,  however, 
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I  weic  perpetually  varying;  nor  did  the  body  cotilitiue  always  of  (he 
I  aniiie  itiagnilude  and  figure;  but  wus  suinetiinea  round,  at  other 
I  limes  elliptical,  itilh  a  blunt  or  a  poiuled  protuberance  behind, 
i  From  aucli  clianges  of  figure  in  this  and  other  meteors  it  is,  that 
1^  Ihey  (lave  been  compared  lo  columns  or  pyramids  of  fire,  comets, 
ij  barrels,  bottles,  flasks,  paper-kites,  trumpets,  tad-poles,  glass  ilrop', 
1^  <]uoils,  torches,  javelins,  goats,  and  many  other  objects  j  nhence 
_  the  inullifartous  appellations  given  to  them  by  llie  ancients  were 
.     borrowed. 

,  Respecting  the  tails  of  meteors,  it  is  here  uecessary  to  disllNguish 
^  between  two  different  |iarls  of  which  lliey  consist.  The  brightest 
portion  seems  lo  be  of  the  same  uaturc  as  the  body,  «nd  indeed  an 
elongation  of  the  matter  composiug  it;  but  the  other,  and  that 
commonly  the  largest  portion,  might  more  properly  be  called  tbt 
Intin,  appearing  to  be  a  matter  left  behind  aficr  the  meteor  has 
passed;  it  is  tar  less  luminous  Ihaii  the  former  part,  and  often  only 
of  a  dull  or  dusky  red  colour.  A  similar  train  or  streak  is  not  un. 
frrquenlly  left  by  one  of  the  common  falling  stars,  especially  of  the 
brighter  sort;  and  vestiges  of  it  soinrtliiies  remain  for  several 
niioMles.  It  often  huppens,  thai  even  the  large  fire-balls  have  no 
other  tail  bill  this  train,  and  this  of  the  I6lh  of  August  appeared  at 
times  to  be  in  tliat  stale ;  its  tail  was  llioughl  by  some  speclalors  to 
be  spiral. 

Under  ihis  changeable  form,  but  still  aa  a  single  body,  it  pro- 
ceeded regularly  till  a  certain  period ;  when  expanding  with  a  great 
increase  uf  light,  it  separated  into  a  cluster  of  smaller  bodies  or 
ovuls,  each  extended  into  a  tail  and  producing  a  train.  At  the 
same  lime  a  great  number  of  sparks  appeared  to  issue  from  it  in 
various  directions,  but  mostly  downward,  some  of  which  were  so 
brifjlit  as  also  lo  leave  a  small  train.  Most  lire-balls  have  suffered 
K  bursting  or  explosion  uf  this  kind  ;  bul,  in  general,  they  have  been 
thought  lo  disappear  immediately  afterwards.  This,  however,  con. 
tinued  its  course,  becoming  wore  compact,  or  perhaps  re-uniting, 
and  seems  to  have  undergone  other  similar  explosions  before  it  left 
our  island,  and  again  on  the  continent.  The  different  accounts 
tend  to  shew,  that  ils  first  separation  or  bursting  happeued  some, 
where  over  Lincolnshire,  perhaps  near  the  commeucement  of  the 
fens.  It  b  observable,  that  the  great  change  in  this  meteor  corre- 
sponds with  the  pciiod  iu  which  it  sudiu'cd  a  devitiijoa  frniu  its 
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conrse^  as  if  there  were  some  connexion  between  those  two  circimi- 
stance.^;  and  there  are  traces  of  sonicthinf  of  the  mmt  kind  haviog 
happened  to  other  meteors.  If  the  explosion  be  any  aott  of  cAft| 
we  cannot  wonder  that  the  body  sliouM  be  moved  by  itfroait 
straiglit  line  ;  bat,  on  the  other  hand,  it  seems  equally  proboblcttkit 
if  the  meteor  be  forced,  b\  any  cause,  to  change  its  diroetioo^  tk 
coKseqiienre  should  be  a  division  or  separation  of  its  pnrti. 

^  4.  Noihuii;  relative  to  these  meteorv  sttikea  the  bdiolden  with 
so  much  astonishment  as  the  excessive  light  they  afford,  sofiidcBt  ts 
render  very  minute  objects  visible  on  the  ground  in  the  dariiest 
night,  and  larger  ones  to  the  distance  of  roauy  nnlna  from  the  ejr. 
The  illumination  is  often  so  great  as  totally  to  oblitemte  the  star^ 
to  make  the  moon  look  dull,  and  even  to  afiect  the  apedatois  like 
the  sun  itself;  nay^  there  are  many  instanocs  in  which  anch  metcoo 
have  made  a  splendid  appearance  in  full  ann-aliine.  The  colour  of 
their  light  is  various  and  diangeable,  but  gfoenlly  of  a  Uuisfa  cas^ 
which  makes  it  appear  remarkably  white*  A  cnrkms  effect  of  tUi 
was  observed  at  Brussels,  the  18th  of  August,  that  while  the  metfor 
was  passing,  **  the  moon  appeared  quite  red»  but  aoon  leoovcred  its 
natural  light."  The  brightness  alone  of  the  meteor^  it  not  saiicicat 
to  explain  this,  for  the  moon  does  not  appear  red  when  seeo  by 
day ;  but  it  roust  have  depended  on  the  contraat  of  eoloar»  tod 
shows  bow  larf!e  a  proportion  of  blue  rays  enters  into  the  conpo* 
sition  of  that  li^iht,  which  could  make  even  the  silver  moon  appnr 
to  have  e?(cess  of  red.  Prismatic  colours  were  also  obaerved  in  the 
body,  tail,  and  sparks  of  this  meteor,  variously  by  diSevtnt  pe^ 
sons  ;  some  com^iared  them  to  the  hues  of  gems.  The  mooieet  of 
its  greatest  brightness  seems  to  have  betn  when  it  bunt  the  fint 
time ;  but  it  continued  long  to  be  more  luminous  ntter  that  period 
than  it  was  before. 

The  body  of  ihe  tire-ball,  even  before  it  bucsti  did  not  appear  of 
a  uniform  substance  or  brightness,  but  cootisted  of  Jncid  and  dtll 
parts,  which  were  perpetually  changing  their  respective  poptioai; 
so  that  the  whole  effect  was  to  some  eyes  like  an  internal  ^gjliliot 
or  boiling  of  the  matter,  and  to  others  like  moving  chnsmt  or  iptf* 
tures.  Similar  expressions  have  been  used  in  th?  dctcriplioo  of 
former  meteors.  I'he  luminous  substance  was  compared  to  barai^^ 
brimstone  or  spirits,  Chinese  fire,  the  stars  of  a  rocket,  n  pelladd 
ball  or  bubble  of  tire,  liquid  pearly  lightning  and  ekctikaiii*; 
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ftv/  |ic[sont  fancied  it  to  be  solid,  ejpeciiillj  when  it  came  near  the 
Ktrnitli.  Dilferuit  sp«c(ator-i  obierved  the  light  of  Ihe  meteor  to 
»uffct  ut  limes  a  sudden  diminution  and  revival,  which  produced  an 
appearance  as  of  successive  inflammation  ;  but  iniglil,  in  some  ca^cf, 
nt  Icasti  be  owing  to  the  interposition  of  small  clouds  in  its  path. 

%  S,  When,  in  consequence  of  a  more  Bcnirnle  attention  to  ualu- 
rnl  phdosophy,  such  obwrvations  were  fir>t  made  on  fire-balla  us 
dtlerniined  tlieir  height,  the  computers  were  with  reason  surpnied 
to  tind  them  nioviug  in  a  region  so  far  above  that  of  tlie  clouds  and 
other  familiar  meteora  of  our  atiiiosphtirf ;  especiallt  as  to  every 
nnioformcd  speclulor  the;  appear  extremely  near,  or  at  it'  bitr^ling 
over  his  head,  a  natural  ell'ecl  of  their  great  light  when  seen  ivith. 
out  intervening  objects.  Their  real  height  is  to  be  collected  from 
olwervationi  made  at  distant  stations  ;  which,  for  the  B[reatcst  accu- 
racy, ought  to  be  90  Mtuated,  that  Ihe  line  joining  them  may  cut 
the  pAth  of  Ihe  meteor  at  right  angles ;  and  thai,  at  its  greatest  ek. 
valion,  il  may  appear  from  both  of  them  about  43  degrees  above 
the  iiorixon,  ou  opposite  sides  of  Ihe  zenith.  Or.  B.  laments  ihai 
most  of  the  observations  iu  bis  posaessiuu  of  the  meteor  nf  August 
IS,  gin  ill  altitude  by  esiiiiiation  only :  yet  their  correspondence 
witli  each  other  may  gain  Ihem  a  degree  of  credit,  to  which,  if 
single,  Ihcy  would  not  be  entitled.  Dr.  B.  here  relates  eigbl  or 
nine  account*  of  the  height  and  motion  of  rbis  meteor,  from  which 
lie  calculates  ils  perpendicular  heiglil  above  the  earth's  surfiice  in 
most  of  iticK  inslaiices,  and  fmds  Ihey  run  from  67  to  60  miles  in 
height.  And  further  observes,  this  agrermcnt  of  Ihe  digerent  alti- 
tudes is  nearer  tliaii  could  be  exiKcted:  and  therefore  tre  may 
safely  conclude,  thai  il  must  have  been  more  than  50  miles  above 
Ibc  surfiice  nf  Ihe  earth,  ui  a  rcgiou  where  tJie  air  is  at  least  30,000 
ItiDcs  rarer  than  here  below. 

S  6.  I1)at  a  report  was  heard  some  time  after  Ihe  meteor  of  the 
ISlh  of  August  bad  disappeared,  is  a  fact  which  rests  on  the  lesti. 
■nony  of  too  many  witnesses  to  be  controverted,  and  is  conformable 
lo  what  has  been  observed  in  most  other  instances.  In  general  it 
vat  compared  to  the  falling  of  some  heavy  body  in  a  room  above 
stairs,  or  to  the  discharge  of  one  or  more  large  cannon  at  a  distance. 
1'tiai  ratlliug  noise,  like  a  volley  of  stiiall  arms,  which  has  been 
nmarLed  after  other  meteors,  docs  not  seem  lo  have  been  heard  on 
Utis  occasion.     From  a  coinparisoti  of  the   <liffcrenl  accounts,  it 
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Bppnn  ai  it'  l)ie  ivport  was  loudcsl  in  LLiicnln«hite  and  llie  aiijanut 
oiunlriesi  aad  again  in  the  «a«if  ni  partt  of  Kent ;  hi  llie  intrinifdiate 
placH  il  was  loindialincl  as  generally  mil  la  liavc  been  noticed,  u4 
all  nbiertera  ofcTedii  in  SeottamI  den^  iIimI  ibey  lienrd  oiiy  l)iiiiga( 
llie  MMt.  If  lliio  report  llien  be  connected  mIiIi  the  bursting  of  ll 
meleur,  il  would  teem  as  if  Ihat  luund  wai  produced  two  «tp«ni 
times,  hanielv  at  (lie  fit^t  eiplotiuu  over  lincoliialiiie,  and  aga 
when  il  sreincd  to  bunt  soon  aAer  entering  tlic  contiiieat.  lag 
Dioui  men  have  availed  tlteniselvei  of  lliii  sound,  to  c«Iculale  ll 
distance  and  height  of  nieleon;  and  the  exactness  allaiiied  b\  tli 
nictliiid,  in  the  compulation  of  the  late  fire-ball,  from  the  n 
heard  at  Windior,  it  very  remarkable  ;  but,  ingeucral,  Itie  Si 
diiagreed  »o  much,  that  it  would  have  been  iinpoitible  to  coocludl 
way  thing  from  Ihein,  Bi-aidei  the  report  as  of  explnsiuns  ■ 
was  heard  after  the  meteor,  anullier  salt  of  sound  was  said  to  at 
it,  mcirc  doubtful  in  its  nalure,  and  less  etlablished  by  endetKCj 
wit.  a  kiud  of  liisiiog,  wbiziiog,  or  crackltog,  as  it  passed  aloo^ 
Tliul  sound  should  be  couveyed  to  us  in  an  iiisloni  flow  a  bod| 
above  SO  miles  dlilanr,  aji^ars  so  irreconcilable  lo  all  we  know  ti 
plulosophy,  that  perhaps  we  should  be  justified  in  iiDpuiiag  ibi 
whole  to  au  affrighted  imagination,  or  an  illuiiou  produced  by  th 
fencied  analogy  of  fire.woiks.  The  testimony  iu  support  of  it  ^. 
kuwever.  so  considerable,  on  the  occa^ioo  of  this  as  well  as  fonM 
meteors,  that  Dr.  B.  cannot  venture  lo  reject  il,  however  iuprobaUr 
it  may  be  ihought,  but  leaves  it  as  a  point  to  be  cleared  up  by  t» 
lure  observers, 

^  7.  To  delcrmine  the  bulk  of  the  fire-ball,  we  miul  not  o 
have  cukulaicd  its  distance,  but  also  know  the  angle  under  which  I 
appeared.     For  this  puijwse  the  moon  is  llic  u>ual  term  of  earn 
partMin  ;  hut  as  it  was  thoughl,  at  very  dificrent  diUauces,  to  p 
Kul  a  disc  equal  to  that  lumioary's,  and  the  same  e^prcssiuu  h 
been   applied  to  most  preceding  hre.Ulls,  Dr.  B.  coitceives  I 
eslimatinn  rather  lo  be  a  general  effect  of  the  strong  inipi 
produced  by  such  ipleudid  objects  on  the  mind,  than  to  coav^  « 
delcriniiiate  idea  of  dieir  sire.     However,  if  we  suppose  lis  tra 
,  verse  <hameler  to  have  subtended  an  augle  of  30  mioutes  wbea^ 
.  passed  over  the  zcniih,  which  probably  is  nol  very  wide  of  IJ 
,  truth,  and  that  it  wat  so  miles  high,  it  must  have  been  aliuott  In 
;»  mile  across.    The  tail  soineiimes  appeared  ten  or  twelve  tint 
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lAngpT  ihsn  tbe  body:  bul   oKnl  o(  th'm  «ru   tniu,  bd(1  itic  real 
'elnn||«lion  bcfaiod  termi  selilom  lo  have  exceeded  lnk«  m  llirice  iU 
tniHvvrw  diariKirr  i  cantcquMllv,    wiu  b«(wt«u  «»r  Mnd  Iwa  niil««..  J 
Umg.     Not*  if  tlie  cubical  cooUutt   be  considered,  for  it  u|tpeai«44J^ 
««|aalljr  ronml  aitd  full  in  M  direction^,  such  an  eiiotmoui  m»m, 
moving  wiib  eilreme  velocirv,  affotd*  jusl  lualter  of  astouuhnmir, 

^  8.  The  duniliuii  of  the  uieleur  i!>  very  ditferenity  UiXed  ;  pwrtl^ij 
WcMtM  fonw  obterren   bad  il  in  view  a  much  loiij^r  liine  IfaM 
•then  i  bikI  patlly  because  tliey  formed  difierent  juilfmrals  of  ibt 
tune.     Those  who  mw  least  of  il  seeui  lo  Jiave  f>erceiv?d  iU  illiiiuu*  J 
■BtiMi  shoal  ten  teronds,  and   those  who  lai*  nioti  of  il,  about  ^J 
ntimte :  hmce  the  tarioui  account*  may  in  some  metuure  b< 
tfiled.     Mr.  Menchcl,  F.R.S.  at  Windtor,  must  ba*e  kq>l  it  in  ii|!h»« 
long  after  other  obscrren  had  ihoughl  it  exti)>ct :  for  though  pro 
kably  he  did  not  see  the  brginuiug,  at   it  never  appeared  lo  bin 
like  a  tiagle  bail,  Iw  wnlclied  il  as  much  as  "  40  or  *5  *ecorid«, 
lul  20  or  3S  of  «  hich  il  remained  alinuii  in  one  situation,  wilbin  m^ 
Stvi  degrees  of  the  horizon."     Thb  coiifirmi  Ibe  foreign  accoiuili  of'  a 
iU  long  progress  lo  the  southward. 

^  p.  Prom  ibe  apparent  motion  of  llie  nieleot.  com{i>reil  with  its  ■ 
height,  lonK  compiitalion  may  be  formed  of  its  asluniihing  velocity. 
A*  at  the  heif;lit  of  50  miiea  above  lite  suiface  of  the  earth,  it  iiiigbt 
be  visible  frxtm  the  !>ame  station  for  a  tr*ct  of  more  ibau  I'JOO  miles, 
■nd  the  longest  cuuliuuance  of  ili  illuniiuatioii  icarcclj  eaceedtd  a 
Btnute.  we  have  hence  sotne  presumption  Ibat  il  moved  i<«l  less 
■han  «0  miles  in  a  second.  The  Itcv.  Mr.  Watson,  in  his  idler  lo 
Lord  Mulerave.  says,  that  the  arc  described  by  il,  wliile  m  bis  view, 
could  nol  be  less  than  70  or  80  ile^rees,  and  yet  ibc  lioie  cuutd 
■ol  exceed  four  secoixis.  or  live  at  most :  this  with  an  aittmde  <  f 
6o  degrees  and  heiglil  of  sri  miles,  gives  lor  its  vclocily  about  'il 
Miles  in  a  second.  The  obsener  at  Newlon  Anies  eslimaicil  il* 
■otion  to  be  30  milet  in  a  second.  Mr.  Herschel  found  il  describe 
An  arch  of  I(i7  degrees  during  the  40  or  *3  seconds  he  observed  it, 
iriiich  ghcs  »  velocity  of  more  than  30  miles  in  a  serooH.  Finally, 
Hr.  Anbnn,  F.U.S.  (bought  it  dcMJ'ibed  an  arch  of  196  decrees  uf 
«xinuilh  in  leu  or  iMicUe  seeoods.  which  would  make  its  velucity 
■bovc  40  mile*  in  a  second.  Dr.  B.  is  sensible  of  llie  ol^eciions 
'Ibat  may  be  made  to  all  these  compiilationi :  undoiibiedly  ihey  itra 
,too  vague;  :ind  yet,  all  taken   tognlicr,  |ierbBj>t  ih<'y   any  have 
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Mine  weight ;  »p«cinlly  as  tliey  corrcipoud  lo  vrell  with  llir  diflVn 
plienani«iia  of  (be  insieor**  clunrinu,  anil  uiber  tiie-bkUi  have  bi 
eonipulfd  lo  move  as  fasl.  Slating  the  velocity  at  the  lowe&l  conj 
iHtiun  of  30  mil"  a  w-cond,  it  exceeds  that  ol  ioudiI  above  90  tin 
and  bi-gini  to  B|^roach  toward  tbat  of  the  carlli  in  her  anoual  oiUh 
At  such  a  rate,  it  must  hate  paised  over  the  nltolr  island  of  Gk 
Britain  in  lets  than  halt'a  luiniite,  and  mieht  have  reached  Rom 
within  a  minute  aflerwardi,  nr  iu  Mveu  niiimle*  have  Iraveraed  ri 
whole  diameter  nf  the  earth  !  From  this  calculation  it  will  be  M 
dent,  Ibal  tbcre  is  little  chance  of  determtnini;  ibe  velocity  of  m 
ieoT9  Iroin  the  limes  of  llieir  patting  the  eenith  of  diOcrrat  p 
and  that,  Ihtretbre,  we  niuit  principally  depend  on  obavrring  ca 
fully,  with  H  watch  ttinl  <liews  icconds,  lh«ir  appwent  veloc 
ihrough  ihe  hcavena. 

The  fire-ball  which  appeared  October  4lh,  at  (3  ■ 
in  the  evening,  was  much  smaller  than  that  alieit<ljr  d 
of  much  thorter  duration.     It  was  liriil  (irrceiveil  to  Ibe  northwi 
a*  a  atream  of  Are,  like  the  common  shooting  stan,  tntl  large  ;  1 
huving  proceeded   iiome  way  under  Ihti  form,  it  mddenlj  bi 
«m  into  Ih^l  inlentely  bright  bluiili  liglit  which  ispHiiliHtOM 
meleun.     At  Ihts  period  Dr.  B.  saw  it,  and  could  oeapMn  I 
colour  10  aotbing  so  welt  a»  lo  the  blue  lights  of  ludia,  and  *■ 
vf  Ihe  largest  electrical  sparks.     The  illuminatbn  waa  vtry  gm 
and  on  that  part  of  it«  course  where  it  had  been  so  bright,  sdoi 
red  5trenk  or  train  was  lelt,  wbicb  remained  vtiible  perbspa  a  mm 
even  with  a  candle  in  the  room,  and  was  llKiughl  by  some 
tu  change  its  form.     Except  this  train,  he  thought  tlw  n 
Ttn  tail,  but  was  nearly  of  a  round  body,  or  perhaps  a  little  «l 
After  moving  not  le*s  than  ten  degrees  in  tliii  bright  slate,  il  b 
Middtiily  exititet,  without  any  ap|>eanihce  of  bursting  or  explmi 
This  meteor  was  seen  for  so  short  a  way,  that  it  was  acarccty  p 
flble  lo  delermine  the  direction  of  its  course  with  accuncy;  b^fl 
ill  proceeding  to  the  eastward  il  very  perceptibly  iticliaed  tow«i~ 
the  horizon,  it  certainly  moved  somewhere  from  ihe  nonfa-weslii« 
to  the  south-eastward.     Us  duration  was  so  short,  that  mBoy  pcrM 
thought  il  passed  in  an  opposite  direction;  for  bis  own  part.l 
found  Wtnself  absolutely  unable  lo  deterniiiic  whetlier  the  i 
WW  from  or  toward  the  soulh^eust.  Some  spectators  were  of  « 
tliat  il  chiiriged  ita  course  the  momcal  it  becntne  bi^l,  c 
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no  longer  in  the  wni«  ilni^lit  line  ;  Iml  liis  iiiramialioii  wu  not 
sutbcicDt  lo  lietrrmine  this  qucMion.  From  bU  own,  imt  anolb«r 
■>bM;rvalion,  Dr.  B.  CHlculutt*  Hint  the  Itetglit  of  llic  meliot  abort 
tbe  luifiM  ol  the  tarlti,  aflrr  all  proper  allowwicM  arc  made,  must 
have  been  between  40  and  AO  tnilei. 

A*  there  wai  no  iipiH-amnce  of  bursting  at  the  extinction  of  lliit 
fire-ball,  so  do  report  was  heard  afipr  it ;  nor  did  any  sound  attend 
it.  Some  obtervers  thought  this  ineleor  alto  near  a*  large  as  the 
moon:  but  to  Dr.  B>  it  did  not  ap|)«ar  above  one  quarter  of  hci 
(liaueter,  which  would  make  its  breadtli  somewhat  abovu  a  furlong. 
If  the  whole  of  the  meteor's  track  be  included,  it  leems  to  hava 
Imtetl  ns  much  u*  three  second),  but  In  the  bright  slate  its  duration 
was  less  than  two  ;  ho  thinks  not  mucli  above  one.  Supposing  il 
described  aii  arc  of  I  \  degrees  hi  a  second  and  a  bulf,  or  according 
to  Mr.  Auberl's  ubwrvalion,  of  2S  degree*  in  three  wcoadt,  its  na) 
vcloctty  WHS  about  twelve  miles  a  second. 

SiKfa  meteors  as  these,  which  pass  like  a  Hash  of  ligfalnin^,  and 
describe  so  short  a  course,  are  very  unfavourable  for  ciilculaiing  tlie 
velocity;  but  afford  great  advaotafes  for  lielerniioing  the  height,  a* 
they  mufi  be  seen  nearly  at  the  same  moment  and  in  the  sanic  place 
by  the  di&rent  observers.  Other  instances  are  found  of  fire.baDl 
bcginniHg  with  a  dull  red  light,  like  a  falling  star;  particularly  the 
l^reat  one  of  March  jp,  1719,  treated  of  so  fully  by  Dr.  Halley 
and  Ht.  Wbitton*.  It  is  remarkable,  thai  a  Nniilar  meleor  had 
appeared  the  same  day,  ihat  is,  Saturday  the  4ih  of  Ocloher,  about 
three  in  the  morning,  though,  on  account  nf  the  early  hour,  it  wis 
leen  by  fewer  s|>eriaturs.  They  represent  il  as  rising  from  ihe 
wulbward  lo  a  small  aliilude,  and  ihen  beconiiug  stationary  with 
a  eibntory  motion,  and  an  illumination  like  day-light ;  it  ranisbed 
B  a  few  inomenti,  leaving  a  train  behind.  This  sort  of  tremulous 
e  has  been  noticed  in  other  meteors;  as  well  as  their  con- 
g  atationary  for  some  time,  either  before  Ilwy  began  to  ihoot 
ferwatd,  or  after  their  course  was  ended. 

I  find  it  impossible  to  quit  this  subject,  says  Dr.  B.  wilhnut  some 
teffeclioas  about  the  cause,  that  can  be  capable  of  producing  such 
appearances  al  an  elevation  above  the  earth  ;  where,  tfthcnttno- 
^here  eannot  absolutely  be  said  lo  have  cea-^ed,  it  is  certainly  to  be 

•  AccoQSl  •fa  iBrprivng  mHeot  seen  March  19,  17l9.'-Ori£. 
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considered  at  next  to  notbtog,  Tbe  first  idea  which  toggeiCed  H* 
self,  tbmt  they  were  bumtBg  bodies  projected  with  such  a  TelodfT, 
was  quickly  abaiidooed,  from  tbe  want  of  anj  knowa  power  to  raise 
Ihem  up  to  that  great  heij^t ;  or,  if  there,  to  give  them  the  reqnirccf 
impetus ;  and  tiie  ingenuity  of  Dr.  Halley  sooo  furnished  him  with 
another  hypothesis,  in  which  he  thought  both  these  didiculties  ob> 
f  iaied*  Ue  supposes  there  u  no  projection  of  a  single  bodj  in  the 
case ;  but  that  a  train  of  combustible  vapours^  accamulated  in  those 
loAy  regions^  is  suddenly  set  on  fire,  whence  all  the  phaeoomeiia  aie 
produced  by  the  successive  iufiammatioa.  But  Dr.  Hall^  gifts 
DO  just  explanation  of  tbe  nature  of  these  vapours ;  nor  of  tbe  Man. 
ner  in  which  they  can  be  raised  up  through  air  so  exlfeaiely  me; 
nor«  supposing  them  so  raised,  does  he  account  for  their  icgabr 
arrangement  in  a  straight  and  equable  line  of  such  prod^ioos 
extent,  pr  for  their  contiuuing  to  burn  in  such  highlj  mefied  air. 
Indeed,  it  is  very  difticult  to  conceive  how  vapours  couhl  he  pre. 
vented,  in  those  regions  where  there  is,  in  a  manner,  ao  pfenore, 
from  spreading  cot  on  all  sides  in  consequence  of  their  natural  ehis- 
ticiry,  and  instantly  losing  that  degree  of  density  which  aeems  aece^ 
sary  for  inflammation.  Besides,  it  is  to  be  expected,  that  such 
trains  would  sometimes  take  fire  in  the  middle,  and  so  pwnt  tbe 
phenomenon  of  two  meteors  at  the  same  time,  receding  from  each 
other  in  a  direct  line. 

Tliese  difiiculties  have  induced  other  pliilosophen  to  retinqaiA 
Dr.  Halle>*5  hypothesis;  and  propose,  instead  of  it,  one  of  a  vor 
opposite  nature;  that  meteors  are  permanent  solid  bcxlies,  not  raird 
up  from  the  earth,  but  revolving  round  it  in  very  eccentric  orbits* 
or,  in  other  words,  that  they  are  terrestrial  comets.  The  objectieal 
to  this  opinion,  however,  seem  equally  great.  Most  obaervas  de. 
scribe  the  meteors,  not  as  looking  like  solid  iKKiies,  but  rmther  Ifte  a 
fine  luminous  matter,  perpetually  changing  its  shape  and  appeoiaace. 
Of  this,  many  defenders  of  the  opinion  are  so  sensible,  thalthev 
suppose  the  revolving  body  gets  a  coat  or  atmosphere  of  electricity 
by  means  of  which  it  becomes  luminous;  bat  whoever  caieAUv 
peruses  the  various  accounts  of  fire-balls,  and  especiallj  oura  of  the 
J  8th  of  August  when  it  divided,  will  perceive  tliat  their  phamnmins 
do  not  correspond  with  the  idea  of  a  solid  nucleus  enveloped  io  a 
lUhtle  fluid;  any  more  than  with  the  conjecture  of  another  ieancd 
gentleniauA  tlmt  they  become  luminous  by  means  of  a  contained 


JFIBItT  HSTEOnS. 

ffuii),  vhicU  (Kcasionallir  expiodei  Uitougb  the  thick  solid  outer 
Jiell. 

A  tlnwc  objeeliou  to  ibii  bvpollteiU  of  permanetil  rcvulving 
bodies,  is  (terivcd  from  tbv  great  ouniber  of  (beiii  llirr«  muit  be  to 
aiinvM'  kII  (lie  ippraruiices,  Sticli  a  regular  gradation  is  nliservcil 
from  UioM  largv  raeleors  wbich  strike  all  liefaolden  wiili  ^stouiih. 
inent,  and  occur  but  rartlj;  down  to  ihe  ininule  firet  called  jihooling 
■tars,  which  Hte  seen  without  \>f}ag  regarded  in  great  iiutiiben  every 
clear  titgbt;  tbdt  it  seems  ini|io«iible  lu  draw  any  Hue  of  disttticiion 
between  iheiii,  or  deny  ibal  tliei/  aro  all  of  the  jainr  nulure.  But 
such  a  crowd  of  revi)lviug  bodies  could  scarcely  fail  to  aunounce 
iheir  entstt^nce  by  suiue  other  iiieaiis  than  merely  u  luminous  train 
in  the  night ;  as.  for  instance,  by  nieeliag  or  justling  sometimes  Dear 
tlie  earth,  or  by  falling  to  the  earth  in  conwqiience  of  various  accj> 
(Icali ;  at  least  we  miglit  cxjiect  thty  would  be  seen  in  the  day. lime, 
either  with  the  naked  eye,  or  by  leleKopes,  by  some  of  the  nume- 
lous  observers  who  are  constantly  eKiiniiuiug  the  heaven*. 

AtMtber  argument  of  great  weigbl.  against  the  liypatbcsii  that 
tire- balls  are  lerredrial  cumetj,  is  takeu  from  tlieir  great  velocity* 
A  body  falling  from  iitfmite  s(iace  lowani  the  cartli,  would  have 
acquired  a  velocity  of  no  more  than  seven  miles  a  seiond,  whea  il 
came  within  50  niil»  of  the  earth's  sncf.ice ;  whereus  these  meteors 
seem  to  move  at  least  three  times  tailer.  And  this  ohjectiun,  if 
tber«  be  no  mistake  in  regard  to  the  velocity  of  the  meteor,  as  1 
tktuh  there  i*  not,  absolutely  oversets  the  whole  hy|iutbesis. 

What  then  can  these  meteors  be  )  The  only  anient  in  iiainre 
with  which  we  are  acquainted,  that  seems  cupuble  of  producing  such 
pbanomena,  is  electricity  ".     1  ilo  not  mean  that  by  whdt  is  atnady 

•  Since  ihc  abnvr  *ai  wrillro,  other  waji  of  accounling  for  Iheit  mcCfon 
have  tKcii  lilKitvf  red  nnd  lucliiDdrrd  ai,  if  reeinK  vcrj  well  wllhall  Ihpphc. 
aonena.  iren  tu  bt  probnlile,  or  bI  leatl  |in«iih]e,  wlnlionii  wliicb  It  far  uiire 
itan  can  bt  »iit  of  iIh-  notioa  from  Hectiiciiyt  a  Doiipn  thai  liardly aereei 
with  any  one  of  (be  nninetDUi  eilraordiDiiry  cirrnmnaacci  alleadlDf;  ihtM 
acicani  which  bate  been  obiencd  in  many  imtaiKf*  to  Ik  the  ismeM  the  , 
ilopy  mamei  that  ha*i  oftfO  fallfo  through  the  aioioiphere  on  variuus  tiarii  of 
the  earlh.  For  a  particular  nccounl  of  «ch  jjlwnwoena,  'ee  MifeaHc  Sltutt, 
section  till.,  of  the  preienl  chapCr.  It  it  rpmiirkahl'  nf  the  pretrni  \aigt 
Bietear,  thai  its  calcolaled  vclmily  It  neaily  ttfia\  ID  that  of  Ihe  earth  )n  \tt- 
aunkl  aocion  in  the  oppoiiie  direction. 
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himwii  ttf  that  fiuid,  ill  the  (tMBcullie*  rclatm  lo  awWofS  cm  bt 
solved  :  ti  llie  lawSj  b\  nlncli  ils  iiiolion^  on  u  brge  scale  art-  regu* 
hted  in  thow  tegiom  so  ikhHit  empt;  of  air,  c>n  mrccly,  I  nnagine, 
be  invpsltgaled  iu  nur  iniall  nptrriuientt  wiih  rxliausied  vmcUj 
kvt  only  that  wvtnl  of  Itie  Iiil-Is  (Mimt  out  a  tmr  cuntirsi 
MHlogv  niib  rlrdrirrty,  atid  (hat  nuiie  uf  tlwiu  arc  itrecoacibbi* 
to  ihr  diJifovcml  Ibwi  of  lb«t  fluid. 

I.  EtvTlricily  movM  nilh  lurti  ■  prodigious  velodfy,  aa  lo  diu 
•U  Ihe  ■ttcinpli  hilhcrto  nnAe  hy  philocofiben  lo  detect  it ;  bur  il 
Wttfiiiew  oriii«leor«,  ■tnling  i(  at  twenty  mile*  >  iMfrDiiri,  i»  MKb  i 
■o  npefimenit  yet  contrived  could  ban  ditcovetvd.  Bad  *bii 
seems  lo  belong  lo  eleclrkity  alone.  This  ii,  perhaps,  tbe  oak  rm 
ki  which  the  course  or  iliri'ctioii  ol'  ibal  fluid  is  rt'oderrd 
to  our  sense*,  in  contequcDcc  uf  Ihe  largr  scaie  on  wWdi 
knMsmore. 

3.  Various  dccliical  phenomena  have  been  seen  MMtdng  ■Mb' 
Icon.     LanibenI  flamei  are  described    as  settling  on  am. 
Mid  iither  objects  ;  and    Kjiarks  coming   from  ihera,  af  ite 
BieleoT  il»ell',  il   i»   said,    have  damaged  »liips,  bowses.  Ac. 
itiBimer  of  lightning.     Tliese  fdcis,  I  must  mn,  nre  (>«■  obicsnly 
fClslrrf,  y«t  still  they  *4o  not  sri'ut  lo  be  destiivte  uf  foundatinii.   If 
there  be  really  miy  hissing  ndse  heard  whik  meteors  are  pMsiof,  it 
Memseiiplirablc  on  no  other  mppiwilion  tliMi  thai  nf  ntewm  af 
eteriric  malttr  issuing  from  lliem,  and  reaching  the  eartbaifflia 
velocity   djoal   to   thai   nf  llie  metenr,  nHiiiHy,  m  Iwo  or  Dim 
lecnrtd!'.      Acfordincl^,  in  one  of  o«r  (ate  mrlrors,  it>e  hissMK  «M 
dtmpared  to  ibat  of  eieclricily  inning    fKnii  «  roudoclor. 
iparti  djing  off  so  perpeloally  from  tbe  l>ody  of  fire  b«IU,  nay  paw 
•ibiy  hare  some  connection  with  the»e  streams.     In  the  n 
Ihe  sound  of  ci|tlosion  may  be  brought  to  iistjuicker,  Iban  if  it  «en 
propagated  through  Ihe  wliule  dislame  by  air  alone.     Should  tfceM 
ideas  be  Me) I. founded,  IIh-  rbangc  of  diractwn  which  meleon  *e<a 
a(  times  to  undeign,  may  pueaiUy  be  inftwenced  by  iIk  stale  mi 
larfuce  of  Ilie  tintb  orer  which  ibey  are  pa»:<ing,  and  lo  whicfc  ita 
stiennis  are  supposed  to  reach,     A  similar  cause  may  ocnsiua 
•pparptit  cxploiiou,  ibe  ofH-iiiiin  of  more  chanmU  giring  new  t 
UkI  nxaioti   lo  iIm  etectric  Huid.     ftlay  out  the  iktiiUioii  and 
plosrou  which  appear  to  have  taken  ptoec  in  lite  tue-baU  of  the  l««h 
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«f  August  over  Liticolrisliire,  have  been  delermined  by  ils  a|)proacli 
towards  llie  fens,  and  an  altraclion  prtxtuced  by  llial  targe  boilj  of 
iHoiilure  I 

3.  A  furlbcr  urgumenl  for  Ibe  ekdric  origin  of  oiclcors  ii  deduced 
from  llieir  conneciiun  witli  (he  noribem  liglili,  and  (lie  reteiub lance 
they  bear  to  Ibese  electrical  pbaeiioiiiena,  as  ibty  »ik  now  alniiHit 
onivcrtall]'  allowed  !□  be,  in  several  inrliculars.  Inilances  are  re> 
curded,  wliere  northvm  Itgiils  liave  Ltcn  »e«ii  to  join  and  form 
luiniuouB  balli,  darting  about  wilb  great  *«locil,v,  and  even  leaving 
a  train  Ueliiml  like  llie  rommon  firc.balh.  Thi«  train  1  lake  lo  be 
DOlhing  but  the  rare  air  left  in  »uch  a  highlji  electiilieii  itate  aa  to 
be  lumiiioni ;  and  aonie  ilreanis  of  ihe  ruiTthem  lights  arc  very 
luucli  like  it.  Tlie  aurora  borealis  appears  to  occupy  as  high,  ifnol 
a  liigber,  region  above  llie  surface  of  ibe  eartb :  at  may  be  judged 
from  the  very  ilijiani  coundies  to  wbicli  it  has  been  visible  at  the 
Mine  lime :  indeed,  the  great  uccunulalion  of  electric  matter  Kenii 
to  lie  beyond  the  verge  of  our  almosphere,  as  esltmaled  by  the  cei. 
lation  of  Iwiliglil.  Also  wilb  tlie  northern  lights  a  bissing  noi«r  is 
said  lo  be  heard  in  some  very  cold  clinialet;  Gnielin  speaks  of  it 
in  the  most  pointed  terms,  as  fretfueDt  and  very  loud  in  the  north* 
eastern  puts  of  Siberia  ;  and  other  travellen  have  related  similar 
facts. 

But,  in  my  opinion,  the  most  remarkable  analogy  of  all,  and  that 
which  lends  must  to  elucidate  the  origin  of  these  meteors,  is  the 
direction  of  iheir  course ;  which  seems,  in  the  very  large  ones,  at 
least,  to  be  constantly  from  or  towaril  the  north  or  north-west  quar- 
ter of  the  heavens,  and  iudeed  to  approach  very  nearly  to  the  pre. 
sent  tnagnrlical  meridiiii.  Tliis  is  (Wrticularly  observable  in  (host 
meteora  of  lale  years  whose  tracks  have  been  ascertained  with  most 
exactness:  as  that  of  November  26,  1758,  described  by  Sir  John 
Pringle;  that  ol  July  17,  I??!,  treated  ol  by  M.  Le  Roy;  and  this 
of  Ibe  18th  of  last  August.  Tlie  largest  proportion  of  the  other 
accounts  of  meteors  conlirra  the  same  obaervalioii,  even  those  gf  a 
more  early  period  ;  nay,  I  think,  some  traces  of  it  are  perceivable  in 
tlie  writings  of  the  ancients.  Whether  tlieit  motion  shall  he  from 
tile  northern  quarter  of  the  heavens  or  towards  it,  seems  nearly  in- 
different, as  the  numbers  of  those  goioe  each  way  are  nut  v*ry  un- 
equal ;  I  consider  ihem  in  the  former  case  as  masses  of  the  electric 
fiuid  repelled  or  buistiug  from  the  great  collected  body  of  it  iu  lh« 
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north  ;  and  in  the  latter  case,  as  masses  attiacted  to  that  aceamda- 
tion ;  a  distinction  probably  much  the  same  in  tfkcX,  as  that  of 
positive  and  negative  electricity  near  the  surface  of  the  earth. 

This  tendency  toward  the  magnetic  meridian,  however,  seems  to 
hold  good  only  with  regard  to  the  hirgest  sort  of  fire-balls ;  the 
smaller  ones  move  more  irregularly ;  perhaps  because  they  become 
farther  within  the  verge  of  our  atmosphere,  and  are  thus  more 
exposed  to  the  action  of  extraneous  causes.  That  the  smaller  sort 
of  meteors,  such  as  shooting  stars,  are  really  lower  down  in  the  at. 
mosphere,  is  rendered  very  probable  by  their  swifter  appMent  mo* 
lion ;  perhaps  it  is  this  very  circumstance  which  occasioiis  then  to 
be  smaller,  the  electric  fluid  being  more  divided  in  more  lesBtiag 
air.  But  as  those  masses  of  electricity,  which  move  wbeie  tfaeie  b 
scarcely  any  resistance,  so  generally  aflRpct  the  direction  of  the 
netic  meridbn,  the  ideas  which  have  been  entertained  of  aome 
logy  between  these  obscure  powers  of  nature,  seem  not  dtogether 
without  foundation. 

If  the  foregoing  conjectures  be  just,  distinct  legiooi  ne  allolled 
to  the  electrical  phanoroena  of  our  atmosphere.  Here  below,  we 
have  thunder  and  lightning,  from  the  unequal  distribntion  of  the 
electric  fluid  among  the  clouds ;  in  the  loftier  regions,  whitlwr  the 
clouds  never  reach,  we  have  the  various  gradations  of  falling  stan; 
till,  beyond  the  limits  of  our  crepuscular  atmosphere,  tbeflaMispQt 
into  motion  in  suflicieut  masses  to  hold  a  determined  course,  and 
exhibit  the  different  appearances  of  wliat  we  call  firewballt ;  and 
probably  at  a  still  greater  elevation  above  the  earth,  the  electricily 
accumulates  in  a  lighter  less  condensed  form,  to  produce  tbe  won. 
derfully  diversified  streams  and  corruscations  of  the  aurora  boieahk 

IPhiL  Tram.  Abr.  vol.  xv.  year  1784. 
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SECTION  Vll. 

Fietji  Meteors y  with  Balls  that  have  descended  to  the  Earth^. 


1.  Account  of  a  fiery  Meteor  seen^  at  Jamaica^  to  strike  into 

the  Earth. 

By  Mr.  Henry  Barham,  F.IL8. 

About  the  year  1700»  as  I  was  ridiog  one  n?orniiig  about  three 
miles  north-west  from  St.  Jugo  de  la  Vega,  I  saw  a  ball  of  fire^ 
appearhig  to  me  of  the  size  of  a  bomb-shell,  swiftly  falling  down 
with  a  great  bUze.  When  I  arrived  where  it  fell,  I  found  the  peo* 
pie  wondering  at  the  ground  being  broken  in  by  a  ball  of  fire, 
which  they  said  fell  down  there.  I  observed  there  were  many  holes 
in  the  ground  ;  one  in  the  middle,  of  the  size  of  a  roan  s  head,  and 
five  or  six  smaller  holes  round  about  it,  of  the  size  of  a  man's  £.st; 
and  to  deep,  especially  the  largest,  as  not  to  be  fathomed  by  what 
long  sticks  they  had  at  hand.  It  was  observed,  that  the  green  grass 
was  perfectly  burnt  near  the  holes,  and  a  strong  smell  of  sulphur 
remained  thereabouts  for  a  good  while  after* 

We  had  a  very  rainy  night  before^  with  much  lightning  and  thnn« 
der,  which  b  frequent  iu  Jamaica,  often  killing  cattle  in  the  fields* 
These  claps  are  much  louder  and  stronger  than  any  in  Europe,  and 
our  showers  of  rain  are  also  more  violent.  We  have  lightning  all 
the  year  round ;  but  our  great  rains  are  in  the  months  of  May, 
August,  and  October. 

Our  island  is  full  of  mines,  and,  f  question  not,  very  rich.  It  is 
very  subject  to  earthquakes;  several  happening  every  year,  especially 
after  great  rains,  which  611  up  all  the  great  cracks  in  the  surfiace  of 
the  earth  :  for  in  a  very  dry  time,  they  are  so  very  large,  deep,  and 
gaping  so  open  and  wide,  that  it  is  dangerous  to  ride  over  nome  parts 
of  the  Savannas,  for  fear  a  horse  should  get  his  legs  into  them. 
Our  earthquakes  make  a  noise  or  rumbling  in  the  earth,  before  we 
feel  the  shake ;  and  seem  to  run  swiftly  to  the  westward. 

IPhil.  Trans.  1/18. 

•  See  for  other  instances,  cbap.  zliii.  sect.  \r. 
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2.  Ball  oj  Sulphur  supposed  to  be  generated  in  the  Air. 

■Ry   Mr.  Brnjamin  Conkf,  F.R.S. 

The  great  beau  we  have  lately  suffered  were  u&h«rcil  h  bj i 
very  gloomy  niglil,  of  almost  continual  liglitniog,  ■cconipnakd  wA 
very  loud  claps  of  Ihuoder;  which,  as  usual,  were  towarda  Ibe  own 
ing  followed  by  very  heavy  sliowcra  of  rain.  £Briy  neit  day,  ■  i 
meadow  near  the  sea. shore,  far  from  any  house,  and  •mhmn  it  la 
not  been  known  that  any  improvement  has  been  carried  oa,  I  bdi 
bandmau  found  a  beautiful  yellow  ball  lying  on  Ibe  luiC  ItprmiJ 
lo  be  of  sulphur,  of  which  it  imelt  uncoromunly  siroa;.  It  ^: 
fronted,  as  it  were,  alt  over  with  an  efflorescence  of  &H; 
yellowish  crystals,  which  soon  fell  off  with  the  lighteal  Icwc 

It  lias  on  one  side  a  deep  hole,  admitting  the  end  ofa 
sized  kuilling.needlc  ;  and  ou  the  opposite  side  a  deep 
which  would  induce  one  almost  to  think  its  form  h»d 
nearly  spheroidal,  formed  by  a  revolution  round  a  Mtp|KMed  aii( 
connecting  those  two  parts.  It  has  several  other  kolca  KatlcK^ 
irregularly  up  and  down  its  whole  surface,  some  fit  to  admit  a  kof\ 
bristle,  others  a  hair;  as  if  it  had  been  made  of  a  6ne  powder.ui 
aome  li'juid,  and  after  mixing  bad  suffered  some  fermenlalJoo ;  btf 
those  i>ar1s  of  it  which  are  solid,  seem  more  compact  than  ihowit 
Ibe  common  roll  brimstone  of  the  shops,  and  the  powder  of  it 
with  a  whiter  flame,  and  Um  acid  fumes.  Its  longest  diamebtiit 
between  eight  and  nine,  and  its  shortest  betwixt  six  and  aeventealkv 
of  an  inch  ;  its  weight  is  108  grains. 

We  find  frequent  mention,  in  the  description  of  Ibundcrolant 
in  hot  climates,  that  there  fallji  ofleu  a  Caniing  bituminoui  BMlUt 
to  the  ground,  which  sometimes  bums  not  to  be  noun 
but  more  frequently  spatters  into  an  inftnile  number  of  firrjr 
doing  great  damage  where  they  strike,  always  attended  wilbs; 
pburous  suffocating  smell,   commonly  compared  to 

Whether  this  sulphurous  bull  was  intended  for  one  of 
by  some  accident  misied  firing,  it  ia  now  lime  to  consider, 
been  formed  in  tlw  cailb,  how  sliauld  it  get  to  tbe  surfnec, 
losing  that  most  clegaat  frosty  covering  of  fine  abiuing  cryitali, 
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Kpp«V  nol  in  the  kait  Mllicd.  oi  it*  pores  Ailed  whli  carlh,  or 
ol^rr  letrrtiml  niariPt  t  on  ibe  coutnry,  no)  lli«  least  lullicsioo  of 
ai>\  tliiii|C  of  ihal  kiml  ciu  be  oli»ened  :  besides,  briiiislnne  made 
llie  ordinsrv  way  seems  to  have  a  diflerenl  leiture  nf  it)  inletnal 
parts,  ftMu  tbi*  ball.  From  itwM  oliMrratiout  Mr.  CooLp  concludes 
it  not  loroMd  in  lite  earlh. 

[Id.  1738. 

3.  Fireball  accompanied  Ktth  a  tkower  of  Stonei  from  the 
jitmotpkere, 

C  BiOT,  m«mbcr  of  (lie  N^lMnal  loKtitute,  in  a  letter  (o  t^ 
Frencli  Minister  of  ibe  Inleriur,  daled  July  tO,  1SI3,  pies  a 
detailed  arcouMl  of  his  intfuiries,  &c.  refpecliii((  a  lire. ball  which 
cxplwlt^  in  tiie  nrighbourliood  of  Laigle. 

On  ToMday,  April  26,  IHIB,  about  ooe  in  the  aflfrnoon,  the 
veather  being  Mrene,  there  wa*  ob&erted  from  Caen,  Font  Aude. 
ner,  and  the  environs  of  Al  nfuii,  Palaise,  and  VerneiiiJ,  a  fivrf 
globe  of  a  Tery  hrlliianl  splendour,  Mhlib  moved  in  tlie  atmosplierc 
witk  ^treat  rmpidi'v. 

Some  mumi-niii  afier  there  was  heard  al  f^igle,  and  in  Ihe  snv]. 
Tirons  of  lint  city,  in  ihe  extent  of  wore  ihan  thirty  leagues  in 
e*rry  direction,  a  violent  explosion,  which  lasted  Gre  or  six 
minalei. 

At  6rst  there  were  three  or  four  reports  like  those  of  a  cannon, 
followed  by  a  kind  o(  discharge  which  rcsemliled  a  firing  of  mns. 
ketry  ;  after  which  ilwre  was  heard  a  drtadTuI  ruoibting,  like  (he 
befttiug  of  a  drua.  Tlie  4ir  was  calm  and  the  sky  serene,  except 
a  few  clooilt,   i>uch  a.s  are  Irequenlly  observed. 

Ik'  noise  proree<led  from  a  'mall  cloud  which  had  a  rectangular 
forn,  the  lar^eM  siile  beln^  in  a  direction  from  east  to  went.  It 
»pi)r*r«d  moliunless  all  the  lime  that  the  phenomenon  losled.  But 
the  lapour  uf  which  it  was  composed  was  projected  momentarily 
fnia  Ike  (tiBrreiit  sidi'it  by  Ihe  elfect  of  Ihe  successive  ei()losi(iii3, 
TMs  (loud  was  about  half  a  league  to  the  north. north. east  of  (he 
town  of  i^igle;  it  was  al  a  grt-al  eleialioa  in  Ihe  atmosphere,  for 
tbe  inbaliilaDls  of  two  hamlets,  a  league  diklaot  from  each  other, 
•aw  it  at  Ihe  Fame  time  above  their  Iwada.  In  the  whole  canton 
o*w  wbick  (bit  cloud  fa»TM«d,  •  Jtuiuj^  aaiH  Lkc  that  of  a  Uoub 
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discharged  from  a  &ling  was  heard ;  and  •  nidtitade  of  aniMiil 
masses,  exactly  similar  1o  those  distiogoisbed  by  the  name  of  melcb 
orie  stones,  were  seen  to  fall  at  the  same  thne. 

The  district,  in  which  the  stoaefell,  forms  an  'ellipdoal^ extent  of 
about  two  leagues  and  a  half  in  [eng;thi  Imd  nearly  one  in  breadth; 
the  greatest  dimension  being  in  a  direction  from  aoiith-east  to  norths 
west»  forming  a  declination  of  about  M^.  This  direction  which  the 
meteor  must  have  followed  is  exactly  that  of  tiie  magnetic  meridiao ; 
which  is  a  remarkable  result.    . 

The  largest  of  these  stones  fell  at  the  south-east  extremity  of  the 
large  axis  of  the  ellipse;  the  middle.sixed  ones  fell  in  the  ceetiCy  and 
the  smallest  at  the  other  extremity.  It  thereliy  •ppemrt  that  the 
largest  fell  first,  as  might  naturally  be  supposed.  ' 

The  largest  of  all  those  which  fell  weighs  I7|  povnds.  The 
smallest  he  saw  weighed  about  two  gros,  which  is  the  tbiasandtii 
part  of  the  former.  The  number  that  fell  is  certainly  sik^ve  twioor 
three  thousand.  They  mert  friable  some  days  afWr  tlicir  Ml,  ani 
tmelled  strongly  of  solphur.  Their  present  hardnesa  waa  ncqniied 
gradually. 

SECTION  VIII. 

Observations  on  Fire  Bails. 

By  F.  C.  Falda. 

Notwithstanding  the  great  progress  which  the  sciences  luiTe 
in  the  present  century ;  and  though  our  knowledge  of  the 
sphere  has,  in  particular,  been  much  enlarged ;  we  are  still  fufrwm 
being  able  to  explain  all  its  phsnomena»  especially  those  of  thehmi* 
nous  kind,  in  a  manner  stifficienlly  satisfactory  to  the  cautious  and 
reflecting  philosopher.  Though  many,  in  consequence  of  the  im- 
portant discoveries  made  respecting  the  electricity  of  the  doudi^ 
imagine  that  they  have  found  in  the  electric  fluid,  so  widely  diffiMfedf 
a  certain  key  to  all  distant  phenomena  of  a  similar  kind  ;  yet  the 
greater  part  of  them  as  mere  observations,  and  the  explanatioBS 
given  of  them  a«  mere  hypotheses,  must  be  left  to  the  decision  of 
posterity.  It  would  be  useless,  and  perhaps  it  is  impossible*  to 
mention  all  these  ph«noroena  in  any  certain  order:  but  thottoit 
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•ifigalar  of  them  are  large  fire-balU  (bolide»\  which,  on  account  of 
tlieir  importance  in  nafaral  philosophy,  have  in  modern  times  ex* 
cited  universal  attention  ^. 

Respecting  the  origin  and  nature  of  these  phenomena,  which  are 
but  seldom  seen,  and  always  surprise  us  as  it  were  accidentaly,  we 
can  venture  conjectures  and  explanations  only  when  we  have  conu 
pared  a  series  of  observations  carefully  made  with  the  circumstances 
by  ^  hich  they,  were  attended,  and  have  then  deduced  from  them 
general  conclusion  *  f,  which  in  the  hands  of  the  mathematician  may 
conduct  with  the  greatest  certainty  to  a  knowledge  of  their  nature, 
and  of  the  causes  by  which  they  are  produced.  I  shall  endeavour, 
therefore,  to  present  the  reader  with  such  conclusions  drawn  from 
a  series  of  observations  made  in  regard  to  fire.balls,  not  with  the  in- 
tention of  giving  any  explanation  from  them  myself,  but  in  cumpli. 
aace  with  the  excellent  rule  laid  down  by  Le  Roy,  when  he  says, 
speaking  of  this  circumstance :  ^^  Let  us  always  collect  observations 
without  being  too  forward  to  deduce  consequences  from  them,  and 
to  explain  phaenomena  respecting  which  we  h^ve  at  present  so  little 
knowledge  X*** 


•  On  tbclStb  of  Jjilj*  1797,  about  42  mioatcs  after  oioe  in  the  evenio^,  I 
Ittd  tb^sood  fortune,  when  in  company  ^lih  several  of  my  friends,  to  see  a 
meteor  of  this  kind.  It  appeared  in  the  southern  part  of  tlie  horizon,  at  the 
bri|^ht  of  8  or  10  degrees ;  had  the  form  of  a  perfect  globe  or  sphere  well  de« 
fined  at  the  edges,  almost  as  large  as  the  moon  when  at  fall,  and  proceeded  In 
tke  space  of  scarcely  a  second,  while  its  course  was  only  marked  by  a  fine  white 
itreM  ttf  light,  in  ao  almost  perpendicular  direction  towards  our  horizon,  which 
was  confioed  by  houses,  and  disappeared  behind  them.  Irs  colour  and  splen* 
^ooraear  the  middle  were  sometimes  of  a  dazzling  white.  The  heat  during 
the  day,  and  in  the  evening,  was  considerable*  The  thermometer  varied  from 
19  to  80  of  Reaumur,  and  between  the  hours  of  four  and  five  in  the  afternooo 
tfccf*  had  been  a  storm  in  the  same  quarter  of  the  heavens.  At  the  surfiice  of 
||ic  earth  there-was  a  perfect  calm,  and  in  the  evening  the  weather-cocks  shewed 
Umt  a  light  south-west  wind  prevailed  at  some  height  in  the  atmosphere*  At 
the  time  of  this  phenomenon  the  earth  wns  overspread  by  a  pale  mist,  through 
wbkh  DO  Stan  could  l>e  perceived,  and  which  the  following  night  became  a 
tkick  fug. 

f  II  faodrolt  etodier  avec  solo  les  rapports  de  ces  ph/nomenes  avec  lesautres 
pb^Domines  atmosph^riques ;  rechercher  I'itat  dn  del  avant  et  apr€s  lenr  ap* 
paritloOf  d^rminer  les  tems,  les  circoostances,  et  lieax,ou  ils  sont  les  ploscom- 
mnos,  savoir  poorquoi  ils  sont  rares,  et  pourquoi  ils  arrivent.  Que  d'observatlons 
^fiiira  !  Que  d*observateursi  occuper ! — Sennebier. 

I  Memoires  d.e  TAcademie  des  Sciences,  1771. 
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Some  of  itie  ob»crviilioiM  httt  giv«ii.  at  wtll  ■»  iW  ciHiclw 
drawn  from  thrm,  liav«  berii  tUivady  ciMploycd  by  Dr.  CMiMlnir  J 
■  partiruliir  ln:ali^r  *,  In  explain  llieoiigiu  of  iIm  nnHtaTinia  {ow 
by  PnifesM)!  PhIIm  iu  Siberia  t>  >■<!  ulher  niatw*  <if  llx-  like  ktud  S 
u  well  B9  fluAM  Mhieli,  ■ceonimg  r<i  ■ccouuts  wotlh}i  of  credit,  m 
tBirf  lo  Imvc  bllen  from  the  heavrnt,  onii  therefore  rtmrc  in  ■  g 
gic.ll  thHii  a  iiietei>rcitoi>)eal  view.  My  object  »  ^uite  di0*T«i>t.  : 
pri'pn^c,  naiwithtlaiHlineliiedilicalt}  of  d*tenni«inf  priipcriy,fta| 
the  ob»ervHi)i>n«  made,  lo  whal  cIm)  of  luminous  appnfaiicm  tod 
pliKiiornciia  brloiig  },  to  collect  logetlier  tboie  aceoanla  sbicfa  Imi 
been  comidervd,  ut  least  with  some  probabilily,  as  nUodiag  t»  ri 
same  liind  ;  and  in  most  cases  juit  «i  Iheywerc  givea  by  tbeabn 
vers,  ttitlioiil  paying  attention  to  any  particular  morfr  of  npl 
nition,  in  order  lo  assist  ihiitewhose  atteiilion  is  •ecopied  wiifa  fl 
orixin  and  nature  of  tliese  bodies  ;  to  examine  the  old  and  Mw  liypi 
theses  fnrmed  rcijiecliug  tbem,  or  lo  mpport  future  a»es,  if  ottM 
sary.     Tlicc  mftrors  appear  tlwn — 

t.   In  every  dimale.     Of  fifty  obaerTations  with  irbicb  I  am  ■«• 
qufliiited,  three  were niadt  immediately  under  the  eqnator^; 
in  n  ■iiuitierii  |t.  and  44  in  a  northern  latitude  :  and  tkn  <j 


•  IVbrrrfrn  Onimmir  rtrr  *on  PsIJ.-u  erfuDdrBennnd  andctrrikr 
Eitrn-MsMFii,  vnn  C.  F.  F.  Clilailnl.     Riga  1794. 

i  Ste  PhilnmptiifRl  Maeiizinp,  Vul.  II.  p.  I. 

i  llcnry  Barhaoi,  ai  nenE<onn]  in  the  Phllranphlral  Tmtnrltani,  to),  n 
p.  837, nw  ia  Jamaica,  in  ihi^  year  1700.  a  flaminK (lfe-t»all,  vttbeiittttw 
burnt),  dncend  loimnlt  thr  eanb  ;  bnl  ItioogA  IIif  grnnnd  wai  dsi;  mf  an 
(he  ptvr  irlii'TC  >!  ttrmcd  lo  hi),  nothing  could  he  |iercriTed  rxeepi  t 
pun  and  a  lulpliurous  tmcll.  A  ilolpnt  itonn,  il  limid,  ttad  taken  pttMtl 
lllilr  licrorp,  which  nukrt  ithlfchly  probable  that  this  phen 
civ  thanli<hlning  ifipcciall}  as  Rclnamt  rcliit*i,  that  li^tainf  tnskMa«af< 
lo  Fall  upon  hoUKf  and  conriarlan  iQ  a  globular  rnrm.  and  Ibal  a  ■ 
imrll  hai  been  aflrrwarda  prrcrired  ;  ere  Affiimru  vam  I 
p.  51,  1&&I  319-  An  obsFrvBiian  of  mo  bollt  ptoereding  lowardi  eaefc  a( 
brfiirr  a  lliiinder  cloud,  made  bv  tlartman,  in  July,  ITSft,  lenni  to  be  af  fl 
like  kind.  Seercn>andic>ii/td<r  BUklHttlim  Kra/tmil  dtn  Luftentk^mngtlt 
HanoiT  n»,  p.  SS7  ;  and  nlw  n  Oa>h  of  llchininp  mrationed  by  Rcla 
19.  Other  instancei  oflhe  two  pha-noracna  being  confoDDdrd,  are  aolicvd  tf 
Dr.  Chladni,  in  hi<  work.  p.  9. 

^  Olloa'i  Voyaee  to  South  America.    LonJ.  ITW.  Vol.  i.  p.  354.  afti  v* 
il.  p.«M. 

I  Journal  do  Oturrraliaot  PhysiquM,  Malheaisliqoei,  e(  BoUaiqun,  |Hf 

Lp^FciiilU.    PatiilTU    Vd.  i.  p.  tl«,  llOandm.Ut.  p,| 
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irues  merel;  from  llie  greater  numlwr  of  accounts  brouglil  lo  us 
from  ihe  latter,  atid  the  greater  allenttou  of  (he  observers ;  for  we 
ire  aiMtred  by  Foster,  llial  he  aaw  several  lire-balls  iq  ibv  south 

MU*. 

a.  At  everr  jeason  of  the  year,  I  am  acquainted  tvJtb  observa* 
tions  made  in  every  mouih  except  September  ;  and  of  tliese  tevrntl 
were  made,  but  between  the  45lb  and  5Jih  ilegree  of  uortbcm  Inti. 
luile,  in  all  the  months  except  April,  June  aud  September.  It  can> 
not,  Iberefnre  be  said  that,  like  storms,  lliey  uppear  more  frequently 
al  one  time  ofthe  year  than  anather. 

3.  A  t  every  period  of  the  day.  Tlie  hour  wbcn  thetie  {ihniioniena 
took  place  is  not  indeed  given  by  every  observer,  but  observation* 
Iiave  beeu  mailc  bnih  by  iiii;hl  and  by  day.  The  greater  jiart,  how- 
ever, have  beeu  maite  in  the  evening;  when,  beiug  more  perceptible 
to  the  eye,  it  was  less  poMible  for  tlieni  to  escape  notice. 

4.  They  appear,  for  ihe  most  pari,  when  the  sky  is  sereue.  Thi) 
remark  is  expressly  made  in  regard  to  q6  of  the  above  men* 
tioned  50  ;  and  in  regard  to  the  rest,  it  is  to  be  concluded,  from 
concomitaut  circumslaacrs,  such  a»  tlicir  bei^tbt,  &e.  The  heavens 
were  odea  covered  only  nilh  a  pale  misi.t'  and  lonie  f«w  were  seen 
le  proceed  from  ligiht  clouds;:  which  gives  us  reason  to  suppose  that 
theycarae  from  a  greater  heiglit  than  these  cloud^i. 

5.  Most  of  them  were  seen  to  move  with  a  very  rapid  motion  [ 
and  of  (ho^e  ou  the  velocity  of  which  observations  have  been  made, 
that  is  Mid  (o  have  moved  quickest  which  was  seen  in  the  montli  of 
November.  \7bh  -,  and  which,  according  (o  the  calculation  of  Sir 
John  I'liugle  ?,  passed  over  Ihiny  tugUsfa  or  seven  Germiti  Oiilea 
in  one  second  ;  a  velocity  greaf<'r  by  3f  miles  in  a  second,  than  ihit 
ofthe  earth  in  its  orbit.  The  ime  said  to  have  moved  slowest  it 
that  which  was  seen  by  Balbus  al  Bologna,  in  the  month  of  March, 
1719^,  and  which  proceeded,  according  to  his  reckoning,  at  about 

•  Funlcr's  Oli=craitioin    on   Ph)?iCOl  fifngrtptiy,    m-kde   dnring  a  voj«f« 
r«aBd  (lie  nor  d,  &r.  p.  1 19. 
'  f  Bmlaiicr  Sanunlunern  von  Nalur-nnd  Medic  in -Gruhichlen.    III.  Ian. 
II IG,  p.  M4.     ilanov.  Magnzia,  1791 ,  p.  1 638. 

t  Bmlaoer  Nunratunsen  sxli-  Au^.  1734,  p.  109.     Compare  Lichlpnlirt|;'> 
Gaflaiitchn  Magaxin,  vol.  ill.  part  8.  p.  W  i  vol  1*.  part  8,  p.  10*. 
.        \  PlulOBph.  TraOiMlioM.  tol.  li.  pari  I .  p.  918. 
|DeBMWt.Me«.  iostfr-Cunnnnl.  Mdi.  p.a8fc 
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]  530  feet,  or  0,067  of  a  German  mile  in  a  second.  But  there  ii 
reason  to  conclude  that  the  mofement  of  others*,  tlie  course  of 
which,  as  might  be  conjectured  from  their  long  train,  was  not  in  tha 
direction  of  thc'  eye,  must  hare  been  much  slower.  Some  appear 
also,  unless  these  be  refused  a  place  here,  to  be  pecaliar  to  one 
part  of  the  hearens  f, 

6.  They  proceed  from,  as  well  as  towards,  all  points  of  the  com» 
pass.  The  greater  part  of  them,  howefer,  have  beyond  all  dispute 
appeared  in  the  northern  or  southern  parts  of  the  horixon  ;  but  do 
general  conclusion,  in  regard  to  their  connection  with  the  northern^ 
or  southern  lights,  can  be  drawn  from  this  circumstance ;  though 
some  obsenrations  made  in  Sweden  §  seem  to  favour  such  an  hy* 
pothesis. 

7.  They  do  not  always  moTe  according  to  the  direction  of  the 
wind.  The  third  obserted  by  Ulloa  makes,  perhaps  acdd^nfallj, 
an  exception  ;  and  the  spindle-shaped  meteor  seen  by  IL  Lich- 
tenberg,  atGottingen,  on  the  13th  of  November  ||,  was  towards 
the  S.S.K.  the  then  direction  of  the  wind,  which  however  near  ths 
earth  was  very  little  felt  Besides,  their  velocity  was  seldom,  or 
ne? er,  proportioned  to  that  of  the  wind ;  as  during  the  most  vioteat 
storm  it  does  not  move  above  100  feet  per  second.  When  sad 
meteors  have  appeared,  it  has  been  generally  calm  ;  but  some  of 
them  Here  followed  by  wiiidf ;  and  Forster  observed  that  after 
each  fire-ball  which  he  saw,  a  violent  wind  took  place. 

8.  They  almost  all  fell  towards  the  earth,  and  consequently  frott 
A  rarer  to  a  denser  atmosphere,  as  in  most  cases  might  be  conclnded 
from  their  soon  becoming  considerably  enlarged.  Some  of  theaii 
however,  particularly  those  which  moved  slowly,  seemed  to  pro* 
ceed  in  a  horizontal  direction  over  the  surface  of  the  earth ;  hot 

•  Bre*ilaaer  Sammliing^en,  iv.  May  1718,  p,  1777  ;  Phil.  Trans,  ▼ol.  aliil. 
No.  477,  p.  594  ;  and  Gothaiiches  Magazin,  vol.  iv.  part  8. p.  164. 

f  Hof  in  Acta  Littcraria  e(  Scient.  Suecie,  an.  1734,  p.  78  ;  and  De  Gen*- 
wnce  in  HUtoire  de  TArad.  des  Sciencri.    Paris  1738.  p.  36. 

X  Ber|^an*s  Phasic.  Bcschrcibiing  der  Erdkugel,  toI.  ii.  p.  78.  Benistflf 
in  Roziefs  Journal  de  Physique,  1784,  p.  115;  and  Blagden  in  the  Pbil* 
Trans,  for  1784,  p.  229. 

.    §  Hof  and  Celsius  in  Acta  Littcraria  et  Scient.  SueciiP,  an.  17S4,  p.  78  and 
81.     Ciislcr  inSchwcdischeAbhandlun^en,Tol.  zxv.p.  65. 

g  Hannovrisches  Mafrazin,  1791,  p.  1626. 

f  Acta  Litteraria  Saecle,  1734,  p.  78  ;  and  Chladni  in  Golhaischet  Ma^o, 
vol.  li.  part  2.  p.  7 12. 
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none  of  them,  tccordiog  to  evcrj  appearance,  moved  upwards. 
Th^ir  motion,  therefore,  cannot  be  explained  in  the  same  manner 
as  that  of  sky-rockets  *,  whpre  the  superior  air  Is  rarefied  by  the 
flame,  and  that  below  condensed. 

9.  Their  form  was  sometimes  perfectly  globular,  and  sometimes 
more  spindle  shaped  ;  so  that  their  length  often  occupied  seren  or 
eight  degrees  of  the  heavens.  When  observed  to  move  with  great 
velocity,  they  had  a  long  tail  behind,  which  arose  chiefly  from  the 
continuance  of  the  impression  made  on  the  eye  f .  Others,  how* 
ever  X  J  and  particularly  those  which  moved  slowly,  shewed  that  a 
part  of  the  tail  belonged  to  the  body  Itself ;  and  it  would  appear 
that  the  long  train  which  marks  their  course,  ought  often  to  be 
czf^alned  rather  by  traces  left  behind  them  than  by  mere  im. 
pretsion  §• 

10.  Their  apparent  magnitude  was  very  different,  but  on  severa*. 
occasions  greater  than  that  of  the  moon  ||. 

11*  Only  a  few  of  them  had  an  apparent  motion  round  their 
ailtl* 

1%  The  greater  part  of  them  diffused  a  very  lively  dazzling' 
light  ^ ;  the  fewer  number  a  faint  light.  Their  colour  and  spleu- 
dour  were  very  different  and  variable  ;  sometimes  red,  sometimes 
blue,  sometimes  violet,  sometimes  in  part  yellow  or  dazzling  white, 
and    some    ezhibited    the    prismatic   colours ++.      Several  have 

•  Ootlmiiclm  Mafaxiii,  vul   hi.  par(  S.  p.  95. 

f  Inirlliginras  mai^it  qua  apparent  Stella,  qoain  qua  eat.  Itaqnc  velnt  i^rne 
••■liaao  totoiB  ttrr  i Ignat,  quia  visu^  nustri  tardicas  non  subicquitur  momcou 
camatity  ted  videt  limul  ct  undo  cxsilierit  et  quo  penrcnerit.  Quod  fit  in  ful- 
■iiae»  loBgui  nobi«i  vldrtur  i^nin  eju-t,  quia  cito  .opacium  suuni  traiibilit,  et  oculis 
occvrrit  onivcrsum,  per  quod  drjectus  nt.  At  illr  non  rvt  citenti  cor- 
peroaae  qua  ▼rnit.     Srnrcie  Quest.  Natur.  lib.  i.  cap.  x\w. 

%  Robinioii  in  the  Phil.  Trans,  for  1784,  part  i.  p.  225. 

^  Bnetlaacr  Sammlangen,  i.  1717.  p.  157  ;  Phil.  Trans,  fol.  xli.  part  8.  p. 
9lOf  ToL  Jilii.  p.  1 ;  and  Transactions  of  the  American  Phil.  Society,  to),  ii. 

p.  ns. 

I  Histoire  de  rAra(\  dcs  Science.  Parts,  1761,  p.  28.  Gothaiediei  Ma- 
gmsin,  vol.  iii.  part  ii.  p.  92. 

f  Nova  Acta  Nat.  Curios,  vol.  i.  p.  348.     Tbeoric  der  am  29Bten  Jul.  1762 
cncbif oeneo  Feuerkuj^el  von  J.  L.  Silbencbla^.   Ma|^,    Stend.  u.   f  cips. 
HJjJM.4. 
^♦»  PhlU  Trans,  vol.  xlii.  part  1 .  p.  346. 

ff  GothaikCbei  Magaxia,  vol.  iv.  part  t.  164.  Ilannovrifcbes  Bftfazlo. 
1791,  p.  l6tfT. 

TOL.  JV.  2  H 
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been  seen  to  bnrn  with  a  bright  flame,  and  others  as  if  in  a  state  of 
ignition. 

13.  Their  real  diameter,  as  far  as  conld  be  ascertained,  some, 
times  by  conjecture  and  sometimes  by  actual  roeasarement,  was 
always  very  considerable.  The  diameter  of  that  respecting  whidi 
Sir  John  Pringle  made  calculations  from  various  observations  he 
collected,  and  of  that  seen  by  Mr.  Rittenhouse  *  at  Philadelphia,  ia 
the  month  of  October,  1779,  ^^^  ^^  *DO>t  about  half  m  Geraaa 
mile. 

14*  They  seem  to  hare  originated  at  a  very  different,  tiioagh  ooit 
of  them  at  a  very  considerable  height  above  the  surface  of  the  earth. 
At  any  rate  all  of  them,  whose  mean  or  greatest  height  was  sab. 
jected  to  any  calculation,  exceeded  that  of  the  highest  cloads,  ai 
clouds  are  scarcely  perceptible  at  the  height  of  13,500  toises;  aai 
Silberschlag  found  the  greatest  height  of  the  fire-ball,  which  ap- 
peared in  July,  1762,  to  be  19  German  miles,  or  7^^76  toises. 
On  thb  account  (heir  origin,  as  Reimarns  and  Chlmdni  have  alreadj 
sufficiently  shewn,  b  not  to  be  ascribed  merely  to  electricity,  thoank 
some  have  considered  them  ns  occasioned  by  the  action  of  the  dec. 
trie  fluid  between  the  clouds  and  the  northern  lights,  which  woald 
agree  exceedinirfy  well  with  their  actual  hei^t ;  as,  according  to 
the  measurement  of  Bergman,  Kastner  and  Lanfbert  f ,  theoortheia 
lights  have  an  altitude  of  more  than  20  or  30  German  miles,  and 
according  to  every  appearance  no  fire-balls  have  been  seen  higher. 
On  the  other  hand,  this  general  conclusion  led  Halley  X^  Franklin  §, 
and  Rittenhouse  ||,  to  the  grand  idea,  which  Dr.  CMadni  lias  de- 
fended with  so  much  ingenuity,  that  these  phenomena,  as  well  ss 
shooting  stars,  are  cosmical  meteors  belonging  to  the  atmospheiv 
of  the  sun,  which  meeting  our  earth  in  its  course  round  that  lumi- 
nary  are  inflamed,  by  some  cause  or  other,  wh«*n  they  enter  tbe 
earth's  atmosphere.  The  phenomenon  also  seen  by  De  Genssance 
at  Paris,  in  the  month  of  July,  1738,  and  the  like  observation  of 
falling  stars  on  the  highest  mountains,  as  well  as  on  the  sur&cf  of 


*  Traiitacliom(  of  the  AmericaD  Philosoph.  Society,  volii.  p.  175, 

i  GoltingiscberTascben-Calendnr,  1778,  p.  58t 

i  Phllofoph.  Transactions,  No.  341. 

^  Gothaltcbet  Magazio,  vol.  i v.  part  2.  p.  1 14 1  aod  vol.  \x  part  S.  p.  ITS* 

il  Trai  mclioDi  of  the  American  Phiknoph.  Society,  vol.ii.  p«l7& 
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Ihn  ^»*  *  [  but  in  pBriicnlar  th«  new  distant  lanunon  pbei 
obiTred  by  M.  Schrot^rt,  wil!  appear  the  awtt  farDiirafate  to 
tbis  h}pu(hni9i  u  ne  hate  rpifoa  to  sappote  tittt  Ukk  ar<>  pro- 
ofs carrivil  on  in  our  atmaspWre  wilh  «bicb  «e  are  at  little  ac> 
qaainipd  ai  with  tho««  carried  on  in  (he  in  it  riot  parts  of  ike  cftrtk. 

13.  The  fimp  of  their  durslioa  wa>  *prf  ditfci«nt :  tliat  obvemd 
hf  Dt  Gt-nnnnre  continued  half  an  hoar  ;  at  other  tinea  tli^ir  da- 
ration  ha*  si-ldotn  been  a  bore  a  minnte.  Few  or  none  oftbeM, 
bow e*pr,  htft  been  observed  from  the  commencement  of  their  ap, 
pearance  till  Itie  time  when  they  disappeared. 

IS.  Many  of  ibem  in  their  conrt«  threw  oat  iptric*,  and  lb* 
greater  part  ef  (hem  were  seen  ti  divide  tlwnuelve*  into  teVMtly 
tometimc!!  larger,  sometimes  imaltrr  parts,  brfor*  tbejT  •■(ifcljr 
disappeared.  This  divisioQ  also  seems  to  oppote  tbe  bypothetts  at 
«  track  of  inflammable  air  set  on  lire  ;,  wbifb  Dr.  Chladnl  bu 
■uSctently  refnled  on  other  grounds. 

17.  Thi*  bunlini(  into  pieces  was  far  (he  most  part  accompanied 
wilh  a  ritnUing  noise  like  (bonder,  or  a  sodden  report,  Thli  wu 
obaerrrd  lo  be  the  case  in  rei^ard  (o  37  of  the  56  aboTementioncd  ; 
and  very  often  two  or  more  reports  hare  been  heard  in  FOCCetstoD^ 
without  the  large  ball  bein^  dirtded  into  smaller  ones,  and  withoot 
lliese  being  utill  farther  shattered.  But  as  these  rrport*  were  beard 
at  a  very  jireal  distance  ^,  and  as  many  whicfa  did  not  appear  to  be 
more  remote,  but  nearer,  have  burst  without  any  report ;  a  quesiion 
u-ises,  whether  we  are  to  consider,  as  Dr.  Cbladm  does,  this  siolent 
biirating  as  peculiar  to  all  these  phanomena  ? 

It).  Several,  after  bursting,  seemed  to  dissolve  into  smoke  f|,and, 
according  to  the  observation  made  by  Celiiu)  in  (he  month  of 
March,  1731,  a  visible  smoking  stripe  seemed  to  be  previously  in- 
flamed. The  greater  part  of  them,  however,  afUr  exploding,  Uflt 
no  visible  traces  behind. 

•  Oqnloor  Id  tbr  Pb.lo».>|)h.  Tramrllotv.  toL  liiii.  put  I.  p.  IST. 

tG«<ka>wkaMa«»i)n,tol.xi.  part  I.  p.  So. 

t  OeUeti  Pli>(.  WSnerirarli,  art.  Feocrkngel. 

\  UIgCB.  Hislorir  der  ReitcR.  vol.  il-  p.  SM  I  and  Philoupb.  TramacUoM, 
vol.  t>i.  pari  1.  p.  I&l. 

I  l)e  Banun.  V'tiii.  Imlilm.  Comment.  »ol  1.  p.983i  Pbiletopb.  Ttamac. 
iSnBi,  *■.!.  ill.  tnri  ?.  p.  87n,  vol.  lill.  p.  1  iBBdHiit.de  l'.4cBd.dcsSctcnct«. 
TMStHSOi.  p.  IS. 
«  «« 
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ip.  In  some  eases,  after  their  disappearmiice,  a  sulphurcnn 
was  perceived  ^,  like  that  perceived  after  Kghtniog  has  fallen,  mi 
which  gave  occasion  to  Muschenbroek's  hypothesis  of  an  accmnalih 
lion  of  sulphurous  ioflamniable  vapours  that  arise  fnmi  volcanoei 
and  subterranean  pits,  and  bemg  driven  together  by  the  winds  fn 
clouds^  that  bj  some  accident  or  other  are  set  on  fire ;  but  wfakb, 
however,  can  as  little  be  reconciled  with  their  general  ptodyaa 
lieight,  as  Silberschlag's  oily  and  slimy  vapours. 

20.  As  scoriaceous  masses  have  frequently  been  either  actniv 
seen  to  fall  at  the  time  of  the  disappearance  of  theae  piMeDOBOi^ 
or  have  been  found  soon  after  on  the  surface  of  the  earth;  and  ai  it 
Is  sufficiently  proved  by  various  accounts  that  stones  have  ftllai 
from  the  atmosphere.  Dr.  Cliladni  concludes  that  both  these  phv- 
noinena  are  connected ;  but  this  can  be  determined  only  by  Mmt 
mccunte  observations. 

[CroocTf  Lucretiui.  nom$omU  CktmUirff. 
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AeroUitij  or  Meteoric  Siomes. 

I«  General  History  and  Observaiiom. 

It  is  now  well  known,  and  admitted  without  hesitation,  that  « 
variety  of  stony  bodies  are  frequently  falling  from  the  •^''n'j^fff, 
in  every  quarter  of  the  worlds  and  in  every  instance  of  aima«r 

position^  and  connected  with  the  fiery  meteors  we  have  jnst 

templated.  It  is  not  many  years  ago,  however,  that  the  feet  nw 
generally  discredited  by  every  one.  Yet  it  is  by  no  meant  a  <fiKa* 
very  of  modem  times,  having  been  almost  as  fully  known  to  tk 
philosophers  of  .Greece  as  it  is  at  present  to  the  philoaopben  «f 
Europe  at  large. 

"  What,"  observes  a  writer  who  b  well  acquainted  with  Ika 
opinions,  "will  the  unlearned  reader  say,  when  he  findadMCcM 
the  meteoric  stones,  or  those  which  are  now  traced  to  Inve  fUka 
from  the  heavens,  and  are  at  this  moment,  for  the  6ral  thne  ai  h 

•  BreilRuer  SammluDgen,  i.  p.  157  ;  Philoioph.  TrmnsacUoa^  roL  LpJH 
Mid  Goth.  Maguin,  ▼ol.  xi,  p«rt  2^,  119.  ^^ 
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Lommonly  iU{>pOMd,  exciting  atleulJoii  in  the  pliilosopbic  world, 
arc  not  a  new  dttcoverj',  and  were  known  lo  inaiikind  upwards  of 
four  liundivd  yean  before  the  liirlh  of  out  Saviour ;  were  as  difler- 
enlly  accuunled  for  by  llie  suges  of  tliat  early  >era  as  lliey  are  in 
our  own  day  ;  and  tlieir  fall  capable  of  being  foretoliiby  some  of 
tliem,  and  eipecialiy  by  Ananagorai,  wtiu  predicted  The  liesnnt  of 
«  very  large  sloiie  ihat  fill  accordingly  on  the  banks  ot  the  Argos 
in  Tbnce.  Tliis  fact  und  prediclinu  are  recorded  by  Pliuy  ii, 
68t  and  Diogenes  and  Laeiliui,  in  Vil.  Anaxag.  ii.  jO.  Ari*lu. 
lie,  in  hU  lirit  book  of  Meleuriu,  siip|H>$L-$  tliese  stones  lo  be  car- 
ried upnartls  from  the  earlh  in  the  course  of  a  violent  teni|>est.  lu 
modern  times  lliey  ate  said  by  many  philosophcn  lo  fall  from  the 
moon.  Anaxagoras  con  leaded  Ihat  they  tti\  from  ibeiuii;  and 
hence  his  disciple  Euripides  deuomioales  the  sun  it^tusy  CaiXay, 
*•  ■golden-glebe*.' 

But  ihoiigit,  ob^ervea  Dr.Tlinmsoii,  several  well  aulhcolicaled 
accounts  of  the  fall  of  such  stones  had  been  ftoinlinw  to  lime  publinli. 
ed,  little  credit  wa»  given  lo  llieui :  nor  did  they  iadecd  attract  the 
attention  of  phdosophers,  till  Dr.  Chladui  published  a  disscrtalitm 
on  tbe  subject,  in  1794.  'I\va  years  after,  Mr.  King  published  a 
attll  iimre  complete  collection  of  exuiuples,  both  aucieot  and  mo. 
(tera ;  many  of  them  supjiurled  by  such  evidence  ihat  it  was  im- 
possible lo  riject  it.  These  two  disseriationii  excited  considerable 
alteiilion;  but  the  opiuion,  that  stones  had  really  fallen  from  the 
■liRosphere,  wai  considered  as  so  extraordinary,  and  so  coulrary  to 
what  we  know  of  Ibe  constitution  of  the  air,  that  most  people  liesi- 
tated,  or  refused  their  assent.  Meanwhile  Mr.  Howard  look  a 
different  method  of  investigating  the  subject.  He  not  only  collect- 
ed all  the  recent  and  well  mitljciiticaled  accounts  of  the  fall  of 
•tony  bodies,  and  examined  the  evidence  of  their  truth,  hut  pro. 
cured  specimens  of  flic  stones  uhich  were  said  I o  have  fallen  in 
didercut  places,  compared  lliem  together,  and  sul^ircted  them  lo  a 
chemical  anulyMs.  The  result  wiis,  Ihat  all  these  siony  bodies  differ 
completely  from  every  other  known  slone;  that  they  all  resemble 
each  other,  and  that  they  are  all  composed  of  the  same  ingredients. 
His  diitertation  on  the  subject  Has  publislied  in  the  Philosophical 
Tnuisactiens  for  1802.     The  proofs  which  this  admirable  disserta. 


L 
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Am  coBtainSy  that  the  stooy  bodies  in  question  really  fidl  from  die 
atniospliere»  are  quite  irresbtible.  lodeed  their  external  chanc 
ters  and  chemical  analy«b  wonld  alone  decide  the  point :  For  it  ii 
qnite  inconqeivable  that  in  India,  England,  France,  Germany,  aad 
Italy,  b  dimates  and  in  soils  exceedingly  difierent  from  eadi  other, 
stones  should  have  been  pointed  out  which  differed  from  eftiy 
other  mineral  in  the  countries  where  they  were  foond,  and  wUdi 
exactly  resembled  one  another,  provided  those  had  not  had  tk 
same  origin.  The  chemical  analysis  of  Howard  was  aoon  after 
repeated  and  verified  by  Vauquelui  *  and  Klaporth  -t* 

1.  Most  of  the  stones  which  have  fallen  from  the  atmosphcn, 
have  been  preceded  by  the  appearance  of  luminous  bodies  or  lae. . 
tcon.  These  meteofs  burst  with  an  explosion,  and  then  tfe 
shower  of  stones  falls  to  the  earth.  Sometimes  the  stones  contJaai 
luminous  till  they  sink  into  the  earth ;  but  most  commonly  tllcir 
Inminousaess  disappears  at  the  time  of  the  explosioo.  These  a^ 
teors  move  in  a  direction  nearly  horiaontal,  and  they  aeem  to  ap» 
proach  the  earth  before  they  explode.  The  following  Table,  dnaa' 
up  by  Mr.  Izaro,  exhibits  a  collection  of  the  best  authentiealBd- 
instanoes  of  the  fislling  of  stones  from  the  atmosphere  hitherto  oW: 
served,  together  with  the  time  when  they  fell»  and  the  persoasoa. 
whose  evidence  the  fact  rests  t*  I 

•  Ann.  de  Cbim.  xlv,  225.        f  Phil.  Ma;,  zt.  182.  X  ^^'^  z^.M.  '. 
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•■'V  V 

H^m.  2.  The  stony  bodies  when  found  are  always  hot.     Tbey  com. 

mouly  bury  themselTes  some  depth  under  ground.  Their  sice  differs 
from  a  fery  few  ounces  to  several  tons.  Tbey  are  usually  roundi^, 
and  always  covered  with  a  black  crust.  In  many  cases  tbey  smell 
strongly  of  sulphur.  The  black  crust,  from  the  analysis  of  Howardy 
consists  chiefly  of  oxide  of  iron. 

3.  The  outer  surface  of  these  stones  is  rough.    When  brokesi 
they  appear  of  an  aslu^rey  colour,  and  of  a  granular  texture  like 
a  coarse  taudstone.     When  examined  with  a  microscope,  four  dif« 
ferent  substances  may  be  discovered  of  which  the  stpne  is  compo* 
sed  :  1st,  A  number  of  spherical   bodies,  var}ing  in  size  from  a 
pin.head  to  a  pea  of  a  greyish.brown   colour,  opaque,  breaking 
easily  in  every  direction,  of  a  compact  texture,  capable  of  scratch- 
ing glass,  and  of  giving  a  few  feeble  sparks  with  steeL     2d,  FVag. 
meuts  of  pyrites  of  an  indeterminate  shape,  of  a  reddish-yeUovr 
colour,  granular,  and  easily  reduced  to  powder.     The  powder  has 
a  black  colour.    8d,  Grains  of  iron  in  the  metallic  slate,  scattered 
like  the  pyrites  through  the  stone.    4th,  The  three  substances  juit 
mentioned  are  cemented  together  by  a  fourth  of  an  earthy  consist, 
ence,  and  so  soft  that  all  the  other  substances  may  be  eastfy  sept- 
rated  by  the  point  of  a  knife  or  the  nail,  and  the  slooe  itself 
crumbled  to  pieces  between  the  fingers*    Thb  cement  is  of  a  grey 
colour*.     The  proportion  and  size  of  these  di&rent  constituents 
vary  considerably  in  different  s|)ecimens ;  but  all  of  them  bear  a 
striking  resemblance  to  each  other.     Their  specific  gravity   varies 
from  3*352  to  4*281  t* 

4.  From  the  analysis  of  Howard,  which  was  conducted  with 
much  precision  and  address^  and  which  has  been  fiilly  confirmed  by 
Vauquelin  and  Klaproth,  we  learn  that  the  black  crust  consists  of 
a  compound  of  iron  and  nickel,  partly  metallic,  and  partly  oxidiied. 
The  pyrites  consist  of  iron,  nickel,    and  sulphur.     The  metallic 

r.  grains  consist  of  iron,  combined  with  about  1.3d  of  its  weight  of 
^  nickel,  and  the  yellow  globules  are  composed  of  silica,  magnesia, 
iron,  and  niirkel.  The  Count  Bournon  observes,  that  these  glo- 
bules resemble  the  chrysolite  of  Werner,  and  that  tlieir  chemical 
analysis  corresponds  exactly  with  Klaprotb's  analysis  of  that  mine, 
lal.    The  earthy  cement  consists  of  the  very  same  substances,  and 
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nearly  in  tbe  Mine  proportion  as  the  globular  substances.  But  it 
will  be  necessary  to  exhibit  a  specimen  of  some  of  tbe  analyses,  as 
published  by  the  philosophers  to  whom  we  are  indebted  for  them. 
A  stone  which  fell  at  Benares  in  India  was  analysed  by  Howard. 
The  pyrites  consi^ited  of 

2*0  sulphur 
10*5  iron 
1  *0  nickel 
2*0  earths  and  foreign  bodies 


15*5 


Tlie  splierical  bodies  50*0  silica 

1 6*0  magnesia 
34*0  oxide  of  iron 
2*5  oxide  of  nickel 


101'5 


The  earthy  cement  48*0  silica 

18'0  magnesia 
34*0  oxide  of  iron 
2'5  oxide  of  nickel 


102*5 


A  stone  which  fell  in  Yorkshire,  deprived  as  much  as  possible 
of  its  metallic  particles,  gave  Mr.  Howard  from 

1 50  grains. 75  silica 

37  magnesia 
48  oxide  of  iron 
2  oxide  of  nickel 


162 


The  increase  of  weight  was  owing  to  the  oxidizenicnt  of  the  metaU 
lie  bodies. 
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Stones  whicli  fell  at  Laigk  in  Fraocr,  m 
aoaly&es  of  Vaaqaeliu  and  Fourcroyy 

64  silica 

36  oxide  of  iron 
9  iuagiiet»ia 
3  oxide  of  nickel 
2  aiilpbur 
1  lime 


jiddad, 


105 


Tbe  following  Table  exhibits  the  result  of  the  most  remarkable 
analyses  of  such  stones,  which  have  been  made  since  the  |Mii>ii€a- 
tk>n  of  Howards  paper  on  the  subject. 


I 


Iron ••  •• 

Nickfl 

Oxide  of  iron..  •• 
Sulphurel  of  iron . 

Sulphur 

Silica V 

Magnf&ia 

Lime 

Mangaiu 'sf 


2-4 


-I- 


«-25 
0*60 


30-0    2500 


3-5 
56-0 

i:o 

1*4 


Trace 
44-00 
22*50 

0.e5 


T 


iS-O 

1-5 

16*5 

Trace 
37-0 
21-5 


.(. 


38-3 
0-33 


90O 
3400 
14-50 

0*83 


} 


17to2^ 

5 
12 


66 
Trace 


I 


5.  The  experiments  of  Howard,  thus  confirmed  by  others,  and 
supported  by  the  most  respectable  historical  evidence,  having  de- 
monstrated that  these  stony  bodies  really  do  fall  from  the  heavens, 
it  was  natural  to  expect  that  various  attempts  would  be  made  to 
account  for  their  appearance.  But  such  is  the  obscurity  of  ibe 
subject^  so  Utile  progress  have  we  made  in  tbe  tcieiice  of  meteoro- 
logy, that  no  opinion  in  the  slightest  degree  probable  lias  hitJierto 

•  Phil.Map,  xvi.  302, 

t  Vauquelin,  Phil.  Muf:.  xvi.  302.     The  stone  fell  at  Ensisheim,  in  1492, 
X  Klaproth,  Gchlcn's  Jour.  i.  8.     The  stooe  frll  at  Sienna,  in  1794. 
I  Klapruth  Ibid.  p.  19.     Tbciitonc  fell  at  AnchfCadt»chen,  in  Germany. 
^  Laugier,  I  old  iv.  531.     The  stone  fell  at  Vauclove  in  1804.  See  adeicrip* 
tion  of  it  by  Vauquelin,  Ann.  dc  Chim.  xWiii.  225. 

9  Pruukt,  Jour,  de  Pby».  Ix.  185.   The  stone  fell  at  Sisena,  in  1773. 
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bwn  advanced.  It  was  fint  snppoM-d  thai  the  bodies  in  r|u»tion 
h»(t  boeii  thrown  out  of  vokunuei ;  t>ul  ihe  ininieiiK  dittanre  from 
all  volcunnes  at  which  tlitji  liave  been  found,  and  (lie  absence  of 
all  similar  ttoofs  frum  volcanic  produtiions,  render  litis  o|tinion 
untenable.  Chladni  endeuvoured  tu  jirave  ihut  ihe  meteors  from 
which  they  fell  were  bodies  H'ldlin;!  in  ijMce,  unconnected  willi 
auy  planetary  system,  allracti-d  by  the  earlb  in  ihi-ir  progress,  and 
kmdied  bv  thrir  rapid  motion  ihrouch  the  atmosphere.  But  this 
opiitinn  is  not  sn»c«pliblc  of  any  direct  tvidmce,  and  can  scarcely 
be  believed,  one  would  ihtnk,  even  hyDr.CJdadni  himself.  La 
Place  Mig<:e sis  Ihe  probabitily  of  tlieir  having  hern  ibrowuoff  by  the 
lolcatioes  of  the  inorin  :  But  thr  incti-ori  whiih  alratwt  always  a& 
cuna|)aiiy  ibeiii,  and  the  swiftness  iif  llieir  liorizuntal  motion,  mili* 
iMie  too  gtrnnijly  agiiintt  this  opinion.  The  greulcst  number  of 
pbilosuphers  consider  tbirni,  with  Mr.  Kiii):  and  Sir  William  Hatoil- 
Ion,  a*  concretioni  actually  foruied  in  the  ulniosphere.  This  opinion 
il  uitdoubicdly  the  most  pro  able  of  all ;  hut  in  the  present  stale 
of  our  knowledge,  il  wnuld  be  absurd  lo  attempt  any  explanatioa 
of  the  manner  in  which  they  are  formed.  The  niasses  of  native 
iron  found  in  Sonlti  America,  in  Sit>cria,  and  near  Ajcnani,  contain 
ntclLel,  us  has  been  atct-rlained  by  Proust,  Howard,  and  Klaproth, 
and  rrscmble  exactly  the  iron  found  in  the  stones  fallen  from  tbe 
atniospbtre.  We  have  every  reason  Iherrfore  lo  aKribe  to  them 
the  mme  urii-iKdl :  and  ihts  accordingly  is  almost  the  uniform  Opi- 
nion of  philosophers.  Klaprolh  hath  slxiwn  t>iut  real  native  iron 
il  distiujjuished  from  mel'.-oric  iron  by  the  absence  of  nirkul  ". 

[d»ofl'«  Lueretiui,  Thomtun't  Ckemslrj/. 

2.  Lunar  or  Setcnilic  Origin  of  Meteoric  Siotiet. 

Tub  best  and  fullfst  euirinaiian  which  lini  yet  occurred  to  in 

apon  this  curious  (Ubjeri,  h  coDUtni-H  in  a  iunji  find  interesting 

original  note  of  the  KUilors  oi*  the  "  Fliilubopliical  Transactions 

Abridged,"  avpended  lo  Dr.  Ilalli'y's  paper  on  Melrors,  or  li^^hla 

•GcWenvJiwr.  i.S. 

Thifrlmine  remark  it  a  ilranr  prftofnf  ilir  difrrn-nc*- between  ihe  twn,  taS 
tbe  article  wbich  immeillalrlj  fullbiti  >•  aullicirni  lo  thaw  thai  the  iageaiaia 
cbemiil  i*  in  an  cimr,  in  conceivUit  I'uil  llir  hy|iu(l)riii  to  wliich  he  srcM  to 
iocliac  U  "ulnul  theanironBopiuioDof  philoiD^'ien." 

[Hot 
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ia  the  sky,  published  ifl  toI.  uix.  of  the  Traosactioas  a|t  large* 
The  note  is  as  follows : 

Dr.  Ualley*s  miod  fixes  on  nothing  but  Taponr  or  ezhalatioiiiy 
to  sol  re  the  appearance ;  though  the  difficulty,  not  to  laj  impoiiL 
bility,  of  conceiting  how  any  exhalations  could  be  raised  so  high, 
ought  to  hare  hinted  the  idea  of  some  other  origin.  Later  obser« 
vations  howerer  have  induced  a  belief,  that  these  luminous  appear, 
ances  are  allied  to,  if  not  the  same  as,  th^  stones  which  have  fre- 
quently been  known  to  fall  from  the  atmosphere,  at  diffisreat 
times,  and  in  all  parts  of  the  earth.  Several  of  the  phenomena 
are  common  to  both.  These  luminous  bodies  are  seen  to  mofe 
with  Tery  great  velocities,  in  oblique  directions  descending ;  ooa«. 
monly  with  a  loud  hissing  noise,  resembling  that  of  a  mortar  shdl, 
#r  cannon  ball,  or  rather  that  of  an  irregular  hard  mass  projected 
violently  through  the  air ;  surrounded  by  a  blaze  or  flame,  taper, 
ing  off  to  a  narrow  stream  in  the  hinder  part  of  it ;  are  beard  to 
explode  or  burst,  and  seen  to  lly  in  pieces,  the  larger  parts  going 
foremost,  and  the  smaller  following  in  succession ;  are  thus  teea 
to  fall  on  the  earth,  and  strike  it  with  great  violence ;  that  on  exa« 
mining  the  place  of  the  fall,  the  parts  are  found  scattered  abeut^ 
being  still  considerably  warm,  and  most  of  them  entered  the  earth 
several  inches  deep.  After  so  many  facts  and  concurring  circnn« 
stances,  it  is  difilcalt  to  refuse  assent  to  the  identity  of  the  two 
phaenomena :  indeed  it  seems  now  not  to  be  doubted,  but  generally 
acquiesced  in.  And  hence  it  is  concluded,  that  every  such  meteor, 
like  appearance  is  attended  by  the  fall  of  a  stone,  or  of  stones, 
though  we  do  not  always  see  the  place  of  the  fall,  nor  discover  the 
stones.  * 

This  conclusion,  howerer,  has  contributed  nothing  toyrards  dis. 
covering  the  origin  of  the  phenomenon,  at  least  as  to  its  genera* 
tion  in  the  atmosphere  :  on  the  contrary,  it  seems  still  more  diflu 
cult  to  account  for  the  production  of  stones,  than  gaseous  meteors, 
ia  the  atmosphere,  as  well  as  to  inflame  and  give  them  snch  violent 
motion.  In  fact,  it  seems  concluded  as  a  thing  impossible  to  be 
done,  or  conceived ;  and  philosophers  have  given  up  the  idea  as 
hopeless.  This  circumstance  has  induced  them  to  endeavonr  to 
discover  some  other  cause  or  origin  for  these  phsenomena.  But 
no  idea  that  is  probable,  or  even  possible,  has  yet  been  started ; 
excepting  one,  by  the  very  celebrated  mathematician  La  Place,  and 
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that  of  so  extraordinaiy  a  nature,  as  to  astonish  us  with  its  norelty 
and  boldness  of  conception.  This  is  no  less  than  the  conjecture^ 
that  these  stony  masses  are  projected  from  the  moon !  a  conjecture 
which  none  but  an  astronomer  could  hare  made,  or  at  least  hare 
shown  to  be  probable,  or  even  possible.  Any  ordinary  person 
m^ht  at  random  utter  the  Tague  expression  of  a  thing  coming  from 
the  moon  :  but  no  one,  except  the  philosopher,  could  propose  the 
conjecture  seriously,  and  proTe  its  possibility.  This  M .  La  Place 
has  been  enabled  to  do  by  strict  mathematical  calculation.  He  has 
proTed  that  a  mass,  if  projected  by  a  Tolcano  from  the  moon,  with 
a  certain  Telocity,  of  about  a  mile  and  half  per  second,  (which  is 
possible  to  be  done)  it  will  thence  be  thrown  beyond  the  sphere  of 
the  moon*s  attraction,  and  info  the  con  Ones  of  the  earth's ;  the 
consequence  of  which  is,  that  the  mass  must  presently  fall  to  the 
earthy  and  become  a  part  of  it. 

To'  prepare  the  way  for  a  calculation,  and  a  comparison  of  this 
supposed  cause  with  the  phsnomena,  it  will  be  useful  here  to  pre*, 
mise  a  short  account  of  the  late  and  best  obserred  circumstances  in 
the  appearance  of  fireballs,  and  the  fall  of  stony  masses  from  the 
atmosphere,  extracted  from  the  last  published  accounts  of  some  of 
the  more  remarkable  cases. 

It  is  remarkable  how  generally  the  tradition  has  prerailed,  in 
almost  all  ages,  and  among  all  people,  of  the  fall  of  solid  materials 
from  the  atmosphere,  under  the  yarious  denominations  of  thunder- 
bolts, showers  of  stones,  masses  of  natire  iron,  Sec,  generally 
'belieyed  by  the  common  {>eop1e  ;  who  had  often  witnessed  the  fact, 
as  coming  from  the  sky  or  the  heavens,  and  thence  ascribed  to  the 
miraculous  judgments  of  the  Deity  ;  while  they  were  as  generally 
disbelieyed  by  the  philosophers,  either  because  they  had  neyer  seen 
them  fall,  or  because  they  found  it  impossible  to  account  for  the 
cause  of  them. 

In  the  later  ages  of  the  world,  however,  the  fact  has  been  obsenr. 
ed  by  more  respectable  evidences,  and  recorded  with  circumstances 
of  considerable  accuracy.  One  instance  of  this  kind,  is  that 
giren  by  the  celebrated  astronomer  Gassendi,  who  was  an  eye* 
witness  of  what  he  relates.  NoTember  27,  1627,  the  sky  being 
quite  clear,  he  saw  a  burning  stone  fall  on  mount  Yaisir,  in  the 
eouth-east  extremity  of  France,  nrar  the  city  of  Nice,  on  the 
coast  of  the  Mediterranean  Sea.     While  in  the  air,  it  seemed  to  be 


478  ORIGIN  OF  MSTBOftIC  8TOHm»« 

ftboat  four  feet  in  diameter  ^  it  was  inclosed  in  a  lamhionfl  circle  of 
colon rs  like  a  rainbow ;  and  in  its  fall  it  prodnced  a  lomid  like  tke 
ditcharge  of  cannon.  It  weighed  501b..  waa  irerr  hard^  of  a  daU 
metallic  colour,  and  in  specific  graritj  cootlderabljr  more  tluui  that 
of  marble. 

Prior  to  this,  it  another  remarkable  instance  in  tha  atone  that  fell 
near  Eosisheimt  a  considerable  town  in  Alsace,  the  north-east 
point  of  France,  near  the  opper  Rhine,  a  little  north  of  BasiL 
This  was  in  1492|  Norember  7,  between  eleren  and  tweWe  before 
noon,  when  a  dreadful  thunder-clap  was  beard  at  EnsislMnm,  and 
a  child  law  a  huge  stone  fall  on  a  field  lately  sowed  with  wheat. 
On  the  people  going  to  the  place,  the  hole  was  foond,  and  digging 
ont  the  stone,  it  was  found  to  hare  entered  three  feet  deep,  aad 
weighed  3601b.,  which  makes  its  size  equal  to  a  cnbe  of  aboat 
thirteen  inches  the  side.  No  doubt  has  eTcr  been  eatertaiaed  of 
this  fact ;  and  cotemporary  writers  all  agree  in  its  general  beiitf  bf 
the  neighbourhood,  and  the  natites  of  the  place  mast  have  kaowa 
that  in  their  wheat  field  no  such  stone  or  hole  had  fonnerlj  eiiated. 

In  the  year  1672,  two  stones  fell  near  Verona,  n  Italy,  the 
one  weighing  300,  the  other  9001b.  Soon  after,  one  of  the  mem* 
bers  of  the  Abb6  Bourdelot's  academy  presented,  at  one  of  their 
meetings,  a  specimen. of  these  two  stones;  stating,  that  the  plw- 
nomenon  had  been  seen  by  300  or  4()0  persons ;  that  the  stoaes 
fell  in  a  sloping  direction,  during  the  night,  and  in  calm  weather; 
that  they  appeared  to  burn,  fell  with  great  noise,  and  plooghed  up 
the  ground.— -It  is  a  pity  tlie  record  does  not  mention  the  bearing 
of  their  path,  as  to  the  point  of  the  compass. 

It  is  related  by  Paul  Lucas,  the  traveller,  that  when  he  was  at 
Larissa,  a  town  in  Greece,  near  the  gulph  of  Salonica,  a  stone 
of  721b.  weight  fell  in  the  neighbourhood.  It  was  observed  to 
come  from  the  northward,  with  a  loud  hissing  noise,  and  seemed 
to  be  enveloped  in  a  small  cloud,  which  exploded  when  the  stone 
fell.     It  looked  like  iron  dross,  and  smelled  of  sulphur. 

In  September,  1763,  several  stones  fell,  accompanied  with  loud 
noises,  in  the  province  of  Bresse,  a  little  west  from.  Geneva; 
particularly  one  fell  at  Pont*de.Vesle,  and  one  at  Liponas,  at  nine 
miles  distance  from  each  other.  The  sky  was  clear,  and  the  wea* 
ther  warm.  A  loud  noise  and  hissing  sound  were  heard  at  those 
two  j^laces,  and  for  many  mil^  round,  at  the  time  the  itone^  fell. 
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Tin  «on«3  app«ar<'H  exactly  simiiar  to  each  other,  of  a  (larkisli 
doll  colour,  Tery  heavy,  an<l  (heir  surface  showing  as  if  thpy  hod 
saffen-d  a  violent  tlreree  of  beat.  The  lir^e^t  weighfrl  about 
1Ulb.<  anil  |i*nietratpd  about  six  inches  into  the  ptoughoi]  ground, 
■  circurnsiance  which  renilt'rs  it  hii^lily  improbible  (hat  they  could 
haw  existed  th^re  before  the  explosioB.  This  phfUomenon  haa 
been  described  liy  the  astronomer  Delalande,  who  seems  to  have 
carefully  eiamined,  on  the  spot,  the  truth  of  the  circumstances 
be  describes. 

In  the  year  1768,  three  stones  were  presented  to  the  Academy 
of  Sciences  at  Paris,  which  had  fal1<-D  in  dilTerent  pnrts  of  France ; 
one  at  Luce,  in  the  Maine;  another  at  Aire,  in  Artois;  and  the 
third  in  Coienlin.  Thciie  were  all  exlertially  of  the  very  same 
appearance  ;  and  Messrs.  Fouf^eraui,  Cadet,  and  LaToisier,  drew 
np  a  particular  report  ou  the  6rst  of  them.  They  state,  that  on 
the  18th  of  September,  1768,  between  four  and  Bve,  afternoon, 
there  was  seen  near  the  Tillage  of  Luce,  In  Le  Maine,  a  cloud,  in 
which  a  short  explosion  took  plaie,  fallowed  by  a  hinin^;  noise, 
but  without  any  flame;  (hat  somi'  persons  about  ten  miles  from 
Luce  heard  the  same  sound  ;  looking  upwards,  they  perceiTed  an 
opiqne  body  describing  a  curve  line  in  the  ak,  and  fall  on  a  piece 
of  ^reen  turf  near  the  high  road  ;  that  they  immediately  lan  to  this 
place,  where  they  found  a  kind  of  stone,  half  buried  in  the  earth, 
extremely  hot,   and  weighing  about  7|1h, 

July  24,  I70O,  between  nine  and  (en  at  ni^ht,  a  shower  of 
■tones  fell  near  Agen,  in  Guienne,  near  the  souch.west  angle  of 
France.  First,  a  luminous  ball  of  fire  was  sf^n,  traiersing  the 
atmosphere  with  great  rapidity,  and  leariog  behind  it  a  train  of 
light  which  lasled  about  fifty  seconds;  soon  a  loud  eiploiion  wa!< 
hiard,  and  uparks  were  seen  Hviiig  olTin  nil  directions.  This  was 
soon  after  followed  by  the  toU  of  stones,  over  3  considerable 
extent  of  ground,  and  at  THrioos  distances  from  each  other.  These 
were  all  alike  in  appeamnce.  hut  of  many  ililTerent  sites,  the 
greater  number  weighing  Bbi>u(  (wo  ounces,  but  many  a  vast  deal 
more  :  some  felt  with  a  hissing  noise,  and  entered  the  ground,  but 
the  Mmaller  ones  remained  on  the  surhce.  The  sitower  did  no 
considerable  damage,  only  breaking  the  tiles  of  'lOne  hou<>p3.  AH 
this  was  attested  in  a  proceis.verW,  signed  by  ibe  magitlrjte^  of 
th>  BMiBiciptHty :  it  wis  farther  sobstantialed  by  the  testlmonr  of 
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set eral  hundred  persons,  inhabiUnts  of  the  place ;  a&d  verenl 
learned  men  wrote  the  yery  same  accoant  to  their  sdentific  eou 
respondents;  one  of  those  (son  of  the  celebrated  chemist  M. 
JD'Arcet)  mentidihs  two  additional  and  important  circumstancn, 
from  his  own  obserTStion  :  tiz.  that  the  stones,  when  they  fell  on 
the  houses,  had  not  the  sound  of  hard  and  compact. substances, 
bat  of  a  matter  in  a  soft,  half.melted  state ;  and  that  such  of  then 
as  fell  upon  straws  adhered  to  them,  so  as  not  to  be  easily  sepa. 
rated.  That  these  stones  broke  the  roofs  of  houses,  and  were 
found  with  pieces  of  straw  under,  add  adhering  to  them,  iaa-dear 
proof  of  their  falling  from  abore,  and  in  a  statu  of  fnsioii. 

December  18,  1795,  several  persons,  near  Captain  TophamH 
house,  in  Yorkshire,  heard  a  loud  noise  in  the  air,  folio  wad  hj  a 
hissing  sound,  and  soon  after  felt  a  shock,  as  if  a  hearr  bodj  had 
fallen  to  the  ground  at  a  little  distance  from  them  :  in  fact,  one  of 
them  saw  a  huge  stone  fall  to  the  earth,  at  eight  or  nine  jards  from 
the  place  where  he  stood ;  it  was  seven  or  eight  jrards  above  the 
ground  when  he  first  observed  it :  in  its  fall  it  threw  np  the  mooid 
on  every  side,  and  buried  itself  twenty  .one  inches  deep :  the  stoat, 
being  raised,  was  found  to  weigh  561b. 

March  the  17th,  1798,  a  body,  burning  very  brightly,  passed 
over  the  vicinity  of  Ville  Franche,  on  the  Saone,  a  little  to  the 
east  of  Lyons,  in  France,  accompanied  with  a  hissing  noise,  and 
leaving  a  luminous  track  behind  it.  This  phenomenon  exploded 
with  a  great  noise,  about  1^00  feet  from  the  ground  ;  and  one  of 
the  splinters,  still  luminous,  being  observed  to  fall  in  a  neighbour. 
•ing  vineyard,  was  traced  :  at  the  spot  a  stone  was  found,  about  a 
foot  diameter,  which  had  penetrated  twenty  inches  into  the  grouiML 

While  these  circumstances  in  Europe  were  daily  confirming  the 
original,  but  long  exploded  idea  of*  the  vulgar,  that  many  of  the 
laminous  meteors  observed  in  the  atmosphere,  are  masses  of  ignited 
matter,  an  account  of  a  phenomenon,  of  precisely  the  same  dew 
scription,  was  received  from  the  East  Indies,  vouched  by  authoritj 
particularly  well  adapted  to  procure  general  respect.  Mr.  WiL 
liams,  F.R.S.  residing  in  Bengal,  hearing  of  an  explosion,  with  a 
descent  of  stones,  in  the  province  of  Bahar,  diligently  enquired 
into  the  circumstances,  among  the  Europeans  on  the  spot.  He 
learned,  that  on  December  19,  1798,  at  eight  o'clock  in  the  even. 
lOf ,  a  large  fire  ball,  or  luminous  meteor,  was  seen  ^t  Benares, 
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ud  ^An  puts  d  the  couotxy :  that  it  was  atteaded  wkk  a  load 
mabliiig  noise ;  and  that,  abo«t  tlie  same  tiaie,  the  iahabituits  of 
Krakhoty  foorteen  miles  from  Benares,  saw  Ae  light,  heard  like 
a  load  thander-clap,  aoil  immediatelF  after  heard  the  ooi^eof 
beaTj  bodies  fal!iii^  in  the  oeif  hboorhood.  Neat  morning  the 
mould  in  the  delds  was  foood  to  hare  been  tamed  op  in  niaaj 
spot! ;  and  nnusoal  stones  of  Tarioos  sixes,  bnt  of  the  same  sub- 
stances, were  picked  ont  of  the  moist  foil,  generallj  froa  a  depth 
of  six  inches.  As  the  occorrence  took  place  in  the  night,  after 
the  people  had  retirc-d  to  rest,  the  explosion  ind  the  fall  of  the 
stones  were  not  seen  :  bat  the  witchinan  of  an  English  gentleman* 
near  Krakhat,  brooght  him  a  stone  the  next  morning,  which  he 
said  had  fallen  throogh  the  top  of  his  hot,  aad  boned  itself  in  the 
enrthem  floor.  ' 

Several  of  the  preceding  accounts  notice  the  mat'-rial  circosi. 
stance,  of  damage  done  to  interposed  objects  bv  the  faliing  ittoiiefl. 
In  one  instance,  not  jet  mentioattl,  still  more  distinct  traces  were 
left,  to  show  that  their  progress  was  through  the  air :  viz.  during 
the  explosion  of  a  meteor  near  Bourdeaax,  the  20th  of  Aognft 
1780,  a  stone,  about  fifteen  inches  diameter,  fell  through  th^- 
roof  of  a  cottige,  and  killed  a  herdsman  aod  some  cattle.  Part 
of  this  stone  n  now  in  the  .Museum  of  the  Right  Honorable  Cbarleir 
Greville,  and  the  test  in  that  of  Bourdeaax.  >ee  Mr.  GreriHe** 
paper  in  the  PhiL  Trans,  for  l>i03,  pt.  1. 

Hence  it  seems  quite  impossible  to  denj  Ttry  great  weight  to  all 

tiiese  testimonies,  and  many  others  that  might  be  giren ;  sereral  of 

them  bj  intelligeot  eje-wttnc-f^ses,  aod  others  by  more  ordinary 

.persons  indeed,  but  (^repossessed  by  no  theory ;  all  coocorriog  in 

;their  descriptions ;  anil  examined  by  acote  aod  respectable  persons^ 

immediately  after  the  phxoomeDa  bad  occarred.     Without  offering 

any  further  remarks  then,  on  this  mass  of  external  evidence,  we 

shaQ  only  just  notice  the  main  points  which  it  seem^  to  substantiate 

.in  a  very  satisfactory  manner.     It  prores  then,  that,  io  Tarious 

•parts  of  the  world,   luminous  meteors  hare  been  seen  moving 

.through  the  air  with  surprising  rapidity,  in  a  direction  more  or 

.|tM  oblique,  accompanied  with  a  noise,  commonly  like  the  wbix- 

>sing  of  large  shot,  followed  by  explosion,  and  the  fall  of  hard, 

stony,  or  semimetallic  masses,  in  a  heated  state.    The  constant 

whiszing  sound ;  the  fact  of  stones  being  found,  similar  to  each 
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ether,  bot  mrtike  all  others  io  the  neighbourhood,  at  the  spots 
towards  which  the  luminous  bodj  or  its  fragments  were  seen  to 
more ;  the  scattering  or  plonghing  up  of  the  soil  at  those  spots, 
alwajs  in  proportion  to  the  sise  of  the  stones ;  the  concnssiott  of 
Ike  neighbonring  gronnd  at  the  tine ;  and  especially  the  impfngiai; 
of  the  stones  on  bodies  somewhat  above  the  earth,  or  lying  loose 
en  its  surface — are  circumstances  perfectly  well  anthenticaled  h 
these  reports  ;  proving  that  sach  meteors  are  nsually  inflamed  hard 
masses,  descending  rapidly  through  the  air  to  the  earth, 

HaTing  drawn  this  conclusion  from  the  considenUioii  of  the 
more  plain  and  obrious  circamstances  of  these  stones  and  meCeen; 
we  may  now  adrert  to  those  of  the  more  close  and  inthnato  en. 
mi  nation  of  the  stones  themseWes :  and  this  we  find  at  ones 
strengthening  the  foregoing  conclusion,  and  condncting  to  a  fbrther 
knowledge  of  the  subject,  than  b  afforded  by  the  raeie  external 
evidence  only. 

The  reports  of  all  those  persons  who  saw  and  obit i ltd  tbt 
meteors,  and  found  the  stones  in  the  several  places,  after  fht  et* 
plosions,  uniformly  agree,  in  describing  those  sobstances  as  A 
ferent  from  all  the  neighbonring  bodies,  and  ms  preseating,  m 
eyery  case,  the  same  external  appearance  of  senLmetnllic  matter, 
coated  on  the  outside  with  a  thin  black  crust,  and  benring  strong 
marks  of  recent  fusion.  Besides  this  general  resemUance,  obfioos 
to  the  most  ordinary  inspection,  many  of  those  sfngnlar  svbstaaees 
have  been  most  carefully  examined  by  some  of  the  first  chenists 
and  naturalists  of  the  age,  and  their  iuTestigatfoos  bare  pot  ns  h 
possession  of  a  mass  of  information,  snfl^ent  to  connnce  tbt 
most  scrupulous  inquirer,  that  the  bodies  in  qoestioB  hnre  a  coOk 
mon  origin,  and  that  we  are  totally  unacquainted  with  «ny  natifii 
process  which  could  hare  formed  them  on  our  globe. 

The  more  nice  and  chemical  examination  of  these  Steees  h0 
been  made  by  Messrs.  De  la  Lande,  Laroisier,  Foegetmnz,  CMiC, 
Vanqoelin,  Barthold,  Count  de  Bonrnon,  ovr  lemed  cuuntiy^ 
man,  Mr.  Howard,  and  sereral  other  ingenioos  men ;  nnd  all 
reports  agree  in  representing  them  of  a  similar  nafnre  and 
sitton,  formed  of  the  same  simple  materials,  of  nearly  the  siMt 
speciGc  weight,  and  with  Tery  slight  Tariatlons  in  the  propuiiif 
of  the  component  parts,  forming  the  aggregate  of  tlKSe 
'Mr.  Howard  and  the  Count  de  Boumea  foand 
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grmTitiet  of  all  the  stones  were  nearly  the  same,  excepting  that  the 
greater  abandance  of  iron  in  one  of  them  caused  a  considerable 
iacrease  in  its  gravity. 

From  their  researches  it  ap.  Spec.  Gray, 

pears,  that  the  specific  graTities        The  Enisheim  stone. .  3233 

of  some  of  the  more  remarkable  Benares 3362 

stones,   are  as  in  the  annexed  Sienna    3418 

table,   considering  1000  as  the  Gassendi's 3456 

proportionate  number    for  the  Yorkshire 3508 

specific  grayity  of  water.    From  Bachelay's 3535 

whence  it  appears,  that  in  this  Bohemia. 4281 

respect  they  greatly  exceed  all 

the  known  ordinary  stones,  and  approach  to  those  of  the  metallic 

ores. 

All  the  stones  examined  by  Count  de  Boumon^and  Mr.  Howard 
were  found  to  consist  of  four  distinct  substances,  Tiz.  small  me* 
tallic  particles,  a  peculiar  martial  pyrites,  a  number  of  globular 
and  elliptical  bodies,  also  of  a  peculiar  nature,  and  an  earthy 
cement  surrounding  the  other  component  parts.  The  nature  of 
the  metallic  particles  was  the  same  in  all,  being  in  each  an  alloy 
of  iron  and  nickel.  In  the  pyrites,  nickel  as  well  as  Iron  was 
detected ;  and  the  easy  decomposition  of  the  pyrites,  by  muriatic 
add,  afforded  a  distinguishing  character  of  that  substance.  The 
globules  contained  silica,  magnesia,  and  oxides  of  nickel  and  iron. 
The  earthy  cement  consisted  of  the  same  substances,  very  nearly 
in  the  same  proportions. 

M.  Vauquelin  also,  about  the  same  time  as  Mr.  Howard,  ana« 
Ijsed  the  Benares  stones,  and  two  others  which  fell  in  1789  and 
1790,  in  the  south  of  France ;  and  the  results  of  his  experiments 
agreed  with  those  of  Mr.  Howard  in  every  particular.  So  that 
we  are  now  authorised  to  conclude,  that  the  stones  which  hare  at 
dlfl^rent  times  fallen  down  on  the  earth,  in  England,  France, 
Italy,  and  India,  are  exactly  of  the  same  nature,  consisting  of  tho 
same  simple  substances  arranged  in  similar  compounds,  in  nearly 
Cke  tame  proportions,  and  in  the  same  manner  combined,  so  as  to 
form  heterogeneous  aggregates,  whose  general  resemblance  to  each 
oAer  is  complete.  We  are  hence  also  warranted  in  another  im« 
porfant  inference,  viz.  that  no  other  bodies  have  as  yet  been  dis- 
eorered  oh  our  globe,  which  contain  the  same  iugredients ;  and 
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that  the  analysis  of  these  stones  lias  broaght  ot  acqnaiated  with  t 
species  of  pyrites  not  formerly  known,  nor  any  where  else  to  be 
found. 

The  general  analogy  between  these  stones,  and  the  masses  of 
Dati?e  iron  that  haye  been  found  in  different  parts  of  the  worMi 
was  too  striking  to  escape  the  notice  of  the  eminent  inquirers  wha 
hare  inrestigated  this  subject.  They  resemble  each  other  in  their 
external  character,  though  not  so  closely  as  the  stones  themselves; 
bnt  in  one  circumstance  of  their  chemical  composition  they  hare  a 
notable  similarity,  both  among  themseWes,  and  to  the  stony  sub- 
stances. M.  Proust  had  before  proved,  that  the  enormous  mass  of 
nativf  iron  found  in  South  America,  contained  in  its  compositiaa 
a  large  portion  of  nickel.  Mr.  Howard  has  been  led  to  the  saae 
conclusion  by  analyzing  another  portion  of  the  same :  and  he  has 
also  found,  that  the  like  solitary  masses  discovered  in  Siberia, 
Bohemia,  and  Senegal,  contained  a  mixture  of  the  same  metal 
with  iron,  though  in  various  proportions.  The  Bohemian  iron  is 
an  alloy,  of  which  nickel  forms  eighteen  parts  in  100;  in  the 
Siberian  iron  it  forms  seventeen  ;  and  in  the  Senegal  iron  five  or 
six.  But  what  is  still  more  striking,  and  tends  to  put  the  similarity 
of  their  origin  beyond  all  doubt,  the  Siberian  mass  is  interspersed 
with  cavities,  containing  an  earthy  substance,  of  the  Tery  saas 
nature  as  the  earthy  cement  and  globules  of  the  Benares  stone; 
and  the  proportions  of  the  ingredients  arc  also' nearly  alike,  except 
only  in  the  oxide  of  iron,  which  is  considerably  less  in  the  Siberian 
earth.  This  remarkable  fact  greatly  strengthens  the  idea,  that  the 
Siberian  iron  owes  its  origin  to  the  same  causes  which  formed  and 
projected  the  different  stones  that  have  fallen  through  the  air  on  titt 
earth  ;  and,  joined  to  the  other  details  of  the  analysis,  it  naturally 
leads  us  to  conclude,  that  the  masses  of  native  iron,  as  they  are 
called,  ditTcr  in  no  respect  from  the  metallic  particles,  or  the  alloy 
of  iron  and  nickel,  which  constitute  one  of  the  four  aggregate 
parts  in  every  stone  of  this  kind  hitherto  examined. 

Concerning  the  Siberian  iron,  there  exists  a  general  tradition  of 
the  Tartars,  that  it  formerly  fell  from  the  heavens.  In  additioo 
to  which,  a  pretty  authentic  testimony  has  been  lately  found,  to 
prove  the  fall  of  a  similar  body  in  India.  The  Right  Honourabia 
Charles  Greville  has  communicated  to  the  Royal  Society  (Fhil. 
Trans.  1805,  pt.  1)  a  very  interesting  paper^  translated  fkoa  the 
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emperor  Tchangire's  Memoirs  of  his  own  reign.  The  prince 
relates,  that  in  the  year  16^0,  of  our  aera,  a  violent  explosion  was 
heard  at  a  village  in  the  Punjaub,  and  at  the  same  time  a  luminous 
body  fell  through  the  air  on  the  earth.  That  the  officer  of  the 
district  immediately  repaired  to  the  spot  where  it  was  said  the 
body  fell,  and  having  found  the  place  to  be  hot,  he  caused  it  to  be 
digged,  on  which  he  found  the  heat  kept  increasing  till  they  reached 
a  lump  of  iron  violently  hot.  That  this  was  sent  to  court,  where 
the  emperor  had  it  weighed  in  his  presence,  and  ordered  it  to  be 
forged  into  a  sabre,  a  knife,  and  a  dagger ;  that,  after  trial,  the 
workmen  reported  it  was  not  inaPeable,  but  shivered  under  the 
hammer:  and  that  it  required  to  be  mixed  with  one  third  part  of 
common  iron,  after  which  the  mass  was  found  to  make  excellent 
blades.  The  royal  historian  adds,  that  on  the  incident  of  this  iron 
of  lightning  being  manufactured,  a  poet  presented  him  with  a 
distich,  that,  ^^  during  his  reign,  the  earth  attained  order  and 
regularity;  that  raw  iron  fell  from  lightning,  which  was,  by  his 
world.8Qbduing  authority,  converted  into  a  dagger,  a  kuife,  aud 
two  sabres." 

The  exact  resemblance  of  this  occurrence,  in  all  its  essential 
circumstances,  to  the  former  accounts  of  fallen  stones,  and  the 
particular  remark  on  the  unmalleable  nature  of  the  iron,  give  a 
high  degree  of  credibility  to  the  whole  narrative,  and  throw  addi* 
tional  weight  on  the  inference  before  drawn  from  internal  evidence, 
that  the  solitary  masses  of  native  iron  found  in  different  quarters 
of  the  globe,  have  the  same  origin  with  the  stones  analysed  by 
Howard  and  Vauquelin. 

Having  now  given  a  summary  of  the  facts  and  evidence,  as  well 
with  regard  to  the  circumstances  attending  these  singular  bodies, 
18  the  ingredients  they  are  composed  of,  and  their  outward  appear- 
tnce  and  structure,  we  are  now  to  consider  what  inferences  r^« 
apectiog  their  probable  origin,  may  be  drawn  from  this  mass  of 
information.  And  indeed  we  may  safely  conclude,  as  it  has  been 
inferred  from  the  whole,  by  the  philosophers  best  qualified  to 
judge  of  the  circumstances,  as  follow,  viz.  that  the  bodies  in  ques. 
tioa  have  fallen  on  the  surface  of  the  earth  ;  but  that  they  were 
not  projected  by  any  terrestrial  volcanoes;  and  that  we  liave  no 
right,  from  the  known  laws  of  nature,  to  suppose  that  they  were 
fermed  in  the  upper  regions  of  the  atmosphere.    Such  a  negative 
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coiMliision  has  been  thought  all  that  we  are,  in  the  present  state  of 
our  knowledge,  entitled  to  draw. 

In  this  embarrasing  predicament,  the  total  want  of  anj  other 
possible  way  of  accounting  for  the  origin  of  those  bodies,  an  idea 
has  been  started,  perhaps  at  first  merelj'  at  random,  tliat  slnct 
there  is  no  other  possible  manner  of  accounting  for  tbem,  then 
they  must  haTe  dropped  from  the  moon.  And,  indeed,  this 
singular  thought  has  now  adtanced  into  a  serious  hypothesis, 
which,  it  must  be  allowed,  is  unincumbered  with  any  of  the  fore« 
going  difficulties :  haying  at  least  possibility  in  its  fa? onr,  which 
no  other  hypothesb  yet  proposed  can  claim. 

As  the  attraction  of  graritation  extends  through  the  whole 
planetary  system,  a  body,  placed  at  the  surface  of  the  moon,  is 
affected  chiefly  by  two  forces,  one  drawing  it  toward  the  centre  of 
the  earth,  and  another  drawing  it  toward  that  of  the  moon.  The 
Utter  of  these  forces,  however,  near  the  moon's  surface,  is  incom* 
parably  the  greater.  But  as  we  recede  from  the  moon,  and 
approach  toward  the  earth,  this  force  decreases,  while  the  other 
augments ;  till  at  length  a  point  of  station  is  found  between  the 
two  planets,  where  these  forces  are  exactly  equal ;  so  (hat  a  body, 
placed  there,  must  remain  at  rest ;  but  if  it  be  reonoTed  still  nearer 
to  the  earth,  then  this  planet  would  have  the  superior  attraction, 
and  the  body  must  fall  towards  it.  If  a  body  then  be  projected 
from  the  moon  towards  the  earth,  m  ith  a  force  sufficient  to  carry 
it  beyond  this  point  of  equal  attraction,  it  must  necessarily  fall  oa 
the  earth.  Such  then  is  the  idea  of  the  manner  in  which  the  bodies 
must  be  made  to  pass  from  the  moon  to  the  earth,  if  that  can  bt 
done  ;  the possibiliiy  of  which  is  now  necessary  to  be  considered. 

Now  supposing  a  mass  to  be  projected  from  the  moon,  in  a 
direct  line  towards  the  earth,  by  a  yolcano,  or  by  the  production 
of  steam  by  subterranean  heat ;  and  supposing  for  the  present 
those  two  planets  to  remain  at  rest ;  then  it  has  lieen  demonstrated. 
on  the  Newtonian  estimation  of  the  moon's  mass,  that  a  force 
projecting  the  body  with  a  velocity  of  13,000  f^t  in  a  secow^ 
would  be  sufficient  to  carry  it  beyond  the  point  of  equal  attiac» 
tion.  But  tliis  estimate  of  the  moon's  mass  is  now  allowed  to  be 
much  above  the  truth  ;  and  on  M.  La  Place's  calculation  it  appeaiSi 
that  a  force  of  little  more  than  half  the  above  power  would  be 
sufficient  to  produce  the  effect ;  that  is,  a  force  capable  of  pu^$eU 


iag  a  body  with  ■  velocity  o{  ]o»  than  a  mile  and  a  half  pvr 
teeoni.  But  we  bare  known  cannon  balls  projected  by  th«  fore* 
of  RUiipowdpr,  with  a  vi-Wily  of  iiOO  leet  p«r  second,  ur  up. 
wards;  tliat  is,  abnul  half  it  mile.  It  rullov!,  thfrefore,  lliat  a 
projectile  force,  communlcaiiiii^  a  velocity  about  three  limes  that 
«f  a  cnnnoii  ball,  would  be  sufficient  to  throw  Ihe  body  from  the 
tnooii  beyuntl  the  point  of  pqual  attraction,  and  cause  it  to  reach 
tba  earth.  Now  there  can  be  little  duubl  (hat  a  force  equal  to 
that  if  exerted  by  volcanoes  on  the  earth,  ai  well  as  by  Ihe  pro* 
duction  of  steam  from  subterranean  heat,  when  we  consider  the 
huge  masses  of  rock,  tti  many  times  larger  than  cunnoa  ballF, 
thrown  on  such  occasions  to  heights  alio  so  much  greater.  ^V• 
may  easily  imagine,  too,  such  cause  of  motion  to  exist  la  the  moon, 
•S  Weil  as  in  the  earth  ;  and  that  in  a  su|)ertor  degree,  if  we  may 
judge  from  the  supposed  symptoms  of  volcanoes  recently  obseried 
iu  the  moon,  by  Ihe  powerful  tubes  of  Dr.  Ilerschel :  and  still 
more,  if  we  consider  that  alt  projections  froni  the  earth  suffer  ho 
enormous  resistance  and  diniuution,  by  the  dense  atmosphere  of 
this  planet ;  while  it  has  been  rendered  probable,  from  optical  con. 
aiderationt,  that  the  moon  has  link  or  no  atmosphere  at  all,  to 
give  any  such  resistance  to  projectiles. 

Thus  then  we  are  fully  aulhorised  in  concluding,  tliat  the  case 
of  fieiiibilitj/  is  completely  made  out ;  that  a  known  power  exists 
in  nature,  capable  of  producing  tlie  foregoing  effect,  of  detaching 
a  mass  of  matter  from  the  moon,  and  transferring  it  to  the  earth, 
to  the  form  of  a  flaming  meteor,  or  burning  stone;  at  the  same 
lime  we  are  utterly  ignorant  of  any  other  process  in  nature  by 
which  the  same  phenomenon  can  be  produced.  Having  thus  dis. 
covered  a  way  in  which  it  is  possible  to  produce  those  appearance), 
we  shall  now  endeavour  to  ihetv,  from  all  Ihe  concomitant  circum- 
stances, that  these  accord  exceedingly  well  with  the  oalural  etfectl 
of  the  supposed  cause,  and  tlience  give  it  a  very  high  degree  of 
probability. 

This  important  deeideralum  will  perhaps  be  best  attained,  by 
examining  the  consequences  of  a  substance  supposed  to  be  pro- 
jected by  a  volcano  from  the  moon,  into  the  sphere  of  the  earth's 
•uperior  attraction  ;  and  then  comp«ring  those  with  (he  known  and 
TMible  phBcnomeua  of  the  blazing  meteors,  or  barning  stones,  tliat 
21  4 


4Sd  MKT120R1G  stones: 

fall  through  the  air  on  the  earth.  And  if  io  this  conparisoo  a 
ttriking  coincidence  or  resemblance  shall  always  or  mostly  be 
foand,  it  will  be  difficult  for  the  hnman  mind  to  resist  the  pertna. 
sion,  that  the  assumed  cause  involves  a  degree  of  probability  but 
little  short  of  certainty  itself.  Now  the  chief  pbasnoroena  attend- 
ing these  blazing  meteors,  or  burning  stones,  are  these  :  1.  That 
they  appear  or  blaze  out  Suddenly.  2.  That  they  more  with  a 
surprbing  rapid  motion,  nearly  horizontal,  but  a  little  Inclimd 
downwards.  3.  That  they  more  in  several  different  directioos, 
with  respect  to  the  points  of  the  compass.  4.  That  in  their  flight 
they  yield  a  loud  whizzing  sound.  5.  That  they  commoDly  bunt 
with  a  violent  explosion  and  report.  6.  That  they  HU  on  the 
earth  with  great  force,  in  a  sloping  direction.  7.  That  they  are 
very  hot  at  first;  remain  hot  a  considerable  time;  aod  ezJ^ibit 
visible  tokens  of  fusion  on  their  surface.  8.  That  the  falleD  stooy 
masses  have  all  the  same  external  appearance  and  contexture,  as 
well  as  internally  the  same  nature  and  composition.  9.  That  they 
are  totally  different  from  all  our  terrestrial  bodies,  both  natual 
and  artificial. 

Now  these  phenomena  will  naturally  compare  with  the  drenn- 
stances  of  a  substance  projected  by  a  lunar  Tolcano,  and  in  tbe 
order  in  which  they  are  here  enumerated.  And  first  with  respect 
to  the  leading  circumstance,  that  of  a  sudden  blazing  meteoric  ap. 
pearance,  which  is  not  that  of  a  small  bright  spark,  first  seen  at  an 
immense  distance,  and  then  gradually  increasing  with  the  dimina* 
tion  of  its  distance.  And  this  circumstance  appears  very  naturally 
to  result  from  the  assumed  cause.  For,  the  body  being  projected 
from  a  lunar  volcano,  may  well  be  supposed  in  an  ignited  state,  like 
inflamed  matter  thrown  up  by  our  terrestrial  volcanoes ;  which, 
passing  through  the  comparatively  vacuum,  in  the  space  between 
the  moon  and  the  earth's  sensible  atmosphere,  it  will  probably 
enter  the  superior  parts  of  this  atmosphere  with  but  little  dimine* 
tion  of  its  original  boat;  from  which  circumstance,  united  with 
that  of  its  violent  motion,  this  being  ten  or  twelve  times  that  of  a 
cannon  ball,  and  through  a  part  of  the  atmosphere  probably  cob- 
sistin;;  chiefly  of  the  inflammable  gas,  rising  from  the  earth  to  the 
top  of  the  atmosphere,  the  body  may  well  be  supposed  to  becone 
iuddenly  inflamed,  as  the  natural  eflfect  of  these  circumstances; 
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iadeed  it  would  be  surprising  if  it  did  not.      From  whence  it  ap. 
pears,  that  the  sudden  inflammation  of  the  body,  on  entering  the 
earth^s  atmosphere,  is  eiactly  what  might  be  expected  to  happen. 
2.  Secondly,  to  trace  the  body  through  the  earth's  atmosphere; 
we  are  to  observe,  that  it  enters  the   top  of  it  with  the  great 
Telocity  acquired  by  descending  from  the  point  of  equal  attraction, 
which  is  such  as  would  carry  the  body  to  the  earth's  surface,  in  a 
▼ery  few  additional  seconds  of  time,  if  it  met  with  no  obstruction* 
But  as  it  enters  deeper  in  the  atmosphere,  it  meets  with  still  more 
and  more  resistance,   from  the  increasing  density  of  the  atmo« 
sphere ;  by  which  the  great  Telocity  of  six  miles  per  second  must 
soon  be  greatly  reduced  to  one  that  will  be  uniform,  and  only  a 
small  part  of  its  former  great  Telocity.     This  remaining  part  of  its 
motion  will  be  Tarious  in  different  bodies,  being  more  or  less  as 
the  body  is  larger  or  smaller,  and  as  it  is  more  or  less  specifically 
heaTy :  but,  for  a  particular  instance,  if  the  body  were  a  globe  of 
tweUe  inches  diameter,  and  of  the  same  gravity  as  the  atmospheric 
stones,  the  motion  would  decrease  so  as  to  be  little  more  than  a 
quarter  of  a  mile  per  second  of  perpendicular  descent.     Now 
while  the  body  is  thus  descending,  the  earth  itself  is  affected  by  a 
two.fold  motion,  both  the  diurnal  and  the  annual  one,  with  both 
of  which  the  descent  of  the  body  is  to  be  compounded.      The 
earth's  motion  of  rotation,  at  the  equator,   is  about  seventeen 
miles  in  a  minute,  or  two-sevenths  of  a  mile  in  a  second :  but  in 
the  middle  latitudes  of  Europe  little  more  than  the  half  of  that,  or 
little  above  half  a  quarter  of  a  mile  in  a  second  :  and  if  we  com. 
pound  this  motion  with  that  of  the  descending  body,  -as  in  mecha- 
nics, this  may  cause  the  body  to  appear  to  descend  obliquely, 
though  but  a  little,  the  motion  being  nearer  the  perpendicular  than 
the  horizontal  direction.     But  the  other  motion  of  the  earth,  or 
that  in  its  annual  course,  is  about  twenty  miles  in  a  second,  which 
is  eighty  times  greater  than  the  perpendicular  descent  in  the  in. 
stance  above-mentioned :  so  that,  if  this  motion  be  compounded 
with  the  descending  one  of  the  body,  it  must  necessarily  give  it  the 
appearance  of  a  very  rapid  motion,  in  a  direction  nearly  parallel 
to  the  horizon,  but  a  little  declining  downwards.     A  circumstance 
which  exactly  agrees  with  the  usual  appearances  of  these  meteoric 
bodies,  as  stated  in  the  second  article  of  the  enumerated  ph»» 
nomena. 
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3.  Again,  with  regard  to  the  apparent  diractioa  of  the  bodj, 
this  wlU  evidently  be  Tariens,  being  that  compounded  of  the  body*s 
detcent,  and  the  direction  of  the  earth's  annual  motion  at  the  time 
of  the  fall,  which  is  itself  Tarious  in  the  different  aeuons  of  the 
year,  according  to  the  direction  of  the  several  points  of  the  ecliptic 
to  the  earth*s  meridian  or  axis.  Usually,  however,  from  the  great 
excess  of  the  earth's  motion,  above  that  of  the  falling  body,  the 
direction  of  this  must  appear  to  be  nearly  opposite  to  that  of  the 
former.  And  in  fact  this  exactly  agrees  with  a  remark  made  by 
Dr.  Halley,  in  his  account  of  the  meteors  in  his  paper  above  givaa, 
where  he  says  that  the  direction  of  the  meteor's  motioa  wai  exactly 
opposite  to  that  of  the  earth  in  her  orbit.^  And  if  thia  diaU  geaa. 
rally  be  found  to  be  the  case,  it  will  prove  a  powerful  oonfiraiatioa 
of  this  theory  of  the  lunar  substances.  Unfortunately,  however, 
the  observations  on  this  point  are  very  few,  and  mostly  iaaeconte: 
tiie  angle  or  direction  of  the  fallen  stones  has  not  been  recorded; 
and  that  of  the  flying  meteor  commonly  mistaken,  all  the  Tarioas 
observers  giving  it  a  different  course,  some  even  directly  the  ra. 
Terse  of  others.  In  future,  it  will  be  very  advisabia  timt  tht 
observers  of  fallen  atones,  observe  and  record  the  dtrectioa  or 
bearing  of  the  perforation,  made  by  the  body  in  the  earth,  whieh 
will  give  us  perhaps  the  course  of  the  path  nearer  than  aoj  otha 
observation. 

4.  In  the  flight  of  these  meteoric  stones,  it  is  commonly  obierv. 
ed  that  they  yield  a  loud  whizzing  sound.  Indeed  it  would  ht 
surprising  if  they  did  not.  For  if  the  like  sound  be  given  by  tht 
smooth  and  regularly  formed  cannon  ball,  and  heard  at  a  conildfr* 
able  distance,  how  exceedingly  great  must  be  that  of  a  body  ss 
much  larger,  which  is  of  an  irregular  form  and  surface  too,  sad 
striking  the  air  with  50  or  100  times  the  velocity. 

6.  That  they  commonly  burst  and  fly  in  pieces  in  their  rapid 
flight,  is  a  circumstance  exceedingly  like  to  happen,  both  from  tilt 
violent  state  of  fusion  on  their  surface,  and  from  the  extreme 
rapidity  of  their  motion  through  the  air.  If  a  grinding. stone, 
from  its  quick  rotation,  be  sometimes  burst,  and  fly  in  pieces; 
and  if  the  same  thing  happen  to  cannon-balls^  when  made  of  stone, 
and  discharged  with  considerable  velocity,  merely  by  the  friction 
and  resistance  of  the  air ;  how  much  more  is  the  same  to  be  ex. 
pected  to  happen  to  the  atmospheric  stones,  moving  with  more 
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than  fiftj  time's  the  Telocity,  and  when  their  surface  may  well  be 
supposed  to  be  partly  loosened  or  dissolved  by  the  extremity  of 
the  heat  there. 

6.  That  the  stones  strike  the  ground  with  a  great  force,  and 
penetrate  to  a  considerable  depth,  as  is  usually  observed,  b  a 
circumstance  only  to  be  expected,  from  the  extreme  rapidity  of 
their  motion,  and  their  great  weight,  when  we  consider  that  a 
cannon  ball,  or  a  mortar  shell,  will  often  bury  itself  many  inches, 
or  eten  some  feef ,  in  the  earth. 

7.  That  these  stones,  when  soon  sought  after  and  found,  are 
hot,  and  exhibit  the  marks  of  recent  fusion,  arc  also  the  natural 
consequences  of  the  extreme  degree  of  intfammation  in  which  their 
surface  had  been  put  during  their  flight  through  the  air. 

8.  That  these  stony  masses  hate  all  the  same  external  appear, 
ance  and  contexture,  as  well  as  internally  the  same  nature  and 
composition,  are  circumstances  that  strongly  point  out  an  identity 
of  origin,  whatever  may  be  the  cause  to  which  they  owe  so  gene* 
rally  uniforsa  a  conformation.  And  when  it  is  considered,  Otbly, 
that  in  those  respects  they  differ  totally  from  all  terrestrial  compo* 
sitions  hitherto  known  or  discovered  ;  they  lead  the  mind  strongly 
to  ascribe  them  to  some  other  origin  than  the  earth  we  inhabit  | 
and  none  so  likely  as  coming  from  our  neighbonring  planet. 

Upon  the  whole  then  it  appears  highly  probable,  that  the  flaming 
meteors,  and  the  burning  stones  that  fall  on  the  earth,  are  one  and 
the  same  thing.  It  also  appears  impossible,  or  in  the  extremest 
degree  Improbable,  to  ascribe  these,  either  to  a  formation  in  the 
superior  parts  of  the  atmosphere,  or  to  the  eruptions  of  terres* 
trial  volcanoes,  or  to  the  generation  by  lightning  striking  the 
earth.  But,  on  the  other  hand,  that  It  is  possible  for  such  masses 
to  be  projected  from  the  moon  so  as  to  reach  the  earth :  and  that 
all  the  phenomena  of  th»se  meteors,  or  falling  stones,  have  a  sor* 
prising  conformity  with  the  circumstances  of  masses  that  may  be 
expelled  from  the  moon  by  natural  causes,  unite  in  forming  a  body 
of  strong  evidence,  that  this  is  in  all  probability  and  actually  the 

[PAt7.  Trans.  Jbr.  Vol.  6,  p.  100. 
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SECTION   X. 

Falling  or  Shooting  Stars. 

\Ve  hare  already  obs(  rved,  that  there  is  much  doubt  as  to  the 
origin  of  thi»  clegaot  meti^or,  common  as  it  is  to  all  countries  and 
seasons.  The-  Icanitd  nriter  of  the  article  io  the  preceding  section 
seims  to  adciibc  tbf-ni  to  the  same  source  as  the  largest  and  mMt 
concrete  mt-tt-ors  of  the  heavens,  and  consequently  to  refer  them 
to  a  lunar  source.  Aiu),  generally  speaking,  whateter  has  been 
the  hypothesis  entertained  concerning  the  one  class,  it  has  been 
equally  applied  to  explain  the  other. 

<*  I  am  uniri  ling  tu  assort,**  says  Mr.  Cavallo,  ^^  though  I  bife 
no  pirticular  reasuii  to  deny,  that  the  large  meteors,  and  those 
which  are  cummoiil)  called  shooting  stars,  have  a  common  origin, 
or  are  of  the  same  nature,  and  differ  only  in  size ;  our  utter  igno- 
rance of  their  nature,  and  the  want  of  accurate  observations,  do 
not  enable  us  to  form  any  other  distinction.  It  appears  tben,  tbit 
the  number  of  meteors  is  immense ;  for  the  shooting  stars,  or  the 
meteors  of  the  smallest  size,  are  to  be  seen  io  plenty  erery  dear 
night.  Some  of  them  are  so  small  as  to  be  accidentally  seen  only 
through  telescopes ;  others  arc  Tisible  to  the  naked  eye,  that  bap* 
pens  to  be  directed  to  that  part  of  the  sky ;  whiUt  others,  by 
casting  more  or  less  light,  excite  attention  aud  are  remarked.  The 
apparent  size  of  these  meteors  is  Tarious  ;  but  their  apparent  mo- 
tions, when  they  happen  to  direct  (heir  course  nearly  at  right 
angles  to  the  spectator,  seeui  nut  to  ditfer  much:  whence  we  may 
conclude,  that  they  are  nearly  at  equal  distances  from  the  earth; 
and  of  course  they  must  actually  ditfer  in  size.  This  point,  how- 
ever, is  much  in  want  of  cunfirmation ;  and  it  might  be  wished, 
that  three  or  four  observers,  in  a  pleasant  autumnal  evening,  were 
situated  at  certain  distances  (for  instance  ten  or  twenty  miles)  from 
each  other,  aud  would  endeavour  to  mark  the  altitudes  of  all  the 
shooting  stars  they  saw,  together  with  the  time  of  their  appearance* 
The  altitude  may  be  eaNily  ascerta'iied  by  observing  the  stars  over 
or  near  which  the  meteor  passes^  and  by  referring  it  to  a  common 
celestia  f*lobe,  rectified  for  the  latitude  of  the  place  and  time  of 
the  apparition  ^.*' 

*  Llem.  uf  Fhilos.  vol.  iv.  p.  365. 


FALLING  OK  SHOOTING  STARS.  'i[):'j 

Such  obs<>rvations  hate  occasionally  been  made,  and  such  alti. 
tudes  remarked  with  all  desirable  care  and  circumspection  :  and 
especially  by  M.  M.  Benzenberg  and  Braiides. 

The  meteors  ia  this  case  wen*  obbervrd  from  a  base  of  4^,200 
feet  F.  or  2*1  German  geographical  miK«!,  fifteen  of  uhich  make  a 
degree:  their  height  was  from  four  to  thirty  of  those  miles;  the 
mean  height  about  el<'Yt*n,  or  near  fifty  Knuli^ih  niiUi*.  The  V4  lo« 
city  of  two  of  them  was  from  four  to  six  miles,  or  about  twenty. 
two  English  miles  in  a  second.  One  was  brighter  than  Jupit(.T| 
and  was  450  miles  distant. 

In  a  second  paper  Dr.  Benzenbrrij  gives  two  Instances  in  detail. 
September  15.  A  shooting  star  of  the  filth  majruitude.  Elevation 
of  the  beginning  7*7  geographical  miles,  of  the  end  8*'2.  L<-n^th 
of  the  path  1*5  miles.  Longitude  of  the  place  of  disappe  ranee 
28*^3';  latitude  53^22'.  Observed  by  Braiules,  in  Ekwarden, 
and  Benzenberi;,  in  Ham,  near  Hamburg :  len-;th  of  the  base 
fourteen  miles.  October  3.  Another  of  the  fourth  magnitude 
obserred  by  the  same  persons.  The  termination  7.1  geographical 
miles  abote  the  earth.  Longitude  27^  T ;  latitude  63^  5'.  These 
observations  shew,  snys  Dr.  I^Mizenberg,  tliat  a  long  base  will 
furnish  as  accurate  a  comparison  as  a  shorter  one ;  that  even 
meteors  of  the  fourth  and  fifth  magnitude  may  be  seen  at  places 
distant  above  fourteen  geographical  miles  from  each  other;  and 
they  confirm  the  former  observations  made  at  Gottingen  with  a 
base  of  but  one  or  two  miles. 

We  will  only  further  observe,  as  in  truth  we  have  partly  hinted 
at  before,  that  Dr.  Benzonberg  did  not  believe  these  small  meteors 
to  be  of  the  same  naturt*  as  the  larger.  His  opinion  concerning 
fiery  balls  was,  that  they  were  revolving  bodies  distinct  from  the 
earth :  but  he  conceived  the  train  of  shooting  stars  to  be  too 
numerous  for  such  indepenrlent  revolving  bodies ;  and  with  Dr. 
Chladni  objected,  that,  in  such  ca«e,  they  would  not  appear  to 
ascend  as  they  are  often  found  io  do  as  well  as  to  descend.  There 
are,  at  the  same  time,  various  diificuhies  in  the  way  of  regarding 
them  as  mere  electric  scintilla:. 

[Editor. 


•  Sec  rJilbcrt  \\.  2-24,  x.  ^W. 
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SRCTION  I. 


General  Remarki.  ^  J. 

9f . 


1  II CUE  \%  a  class  uf  luminous,  and  not  unfrcqiieDtrjr  It 
inetcors,  uhich  yet  remains  to  be  described  and  expl«isttfi;^tti 
cause  of  vihich  has  often  been  confounded  with  that  of  fltf  iMirfi 
in^  clas^  ;  but  which  in  roality  is  as  totally  distinct  as  ^m  jplillM^ 
nif*n«i  an*  themsplres.  These  motcorSi  instead  of  being  eijiijMfil 
of  exotic  inaterials,  are  real  exhalations  from  the  eaHh  | '^bl'plll 
▼apour,  or  some  other  attenuate  substaucC|  combined  wMl  Ai 
matter  of  light  or  heat,  or  both  together ;  which  has  been  ellllL 
nated  from  vegetable,  aniuial,  or  mineral  materials.  Initaidof 
being  dense  or  solid  they  arc  uniformly  rare  and  subtile  ;  aad  !■• 

• 

stead  of  originating  in  the  loftiest  regions  of  the  atmosphere^  er 
beyond  its  raiis^e,  arc  genr rated  for  the  most  part  in  low  mmby 
plains  or  valleys.  To  the  fearful  and  snperstltioas  thej  ue  a 
source  of  as  much  terror  as  the  nobler  and  sublimer  meteors  wt 
hate  just  contemplated  ;  and  it  is  probable  that  they  have  oceari- 
onally  been  (he  source  of  real  and  extensive  damage  whea  in  a 
state  of  actual  combustion  ;  and  that  they  have  still  more  freqnea^ 
seduced  a  timid  and  benighted  traveller  into  dangerous  bogs,  and 
quagmires.  By  the  learned  they  are  usually  denominated  ^jpMV 
Fn/tft,  or  Mock.Jires;  and  by  the  vulgar  ^ViiLo^Uhe^HlUtfif 
Jark-aJanthorm  ;  and  at  sea  or  on  the  coast  Mariner*s  lAgik^ 
or  Si,  lielmo^s  Fires. 
The  true  cause  of  these  singular  appearances  has  not  often 


I 
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^ery  demrly  explained,  though  not  difficult  to  be  either  gi?eii  or 
comprehended. 

By  far  the  greatest  part  of  the  light  we  possess  is  derived  from 
the  sun:  but  there  are  also  numerous  kinds  of  bodii-s  that 
possess  it  in  a  latent  or  dormant  state,  and  readily  give  it  forth 
upon  being  properly  excited,  or  under  a  proper  elevation  of  tenu 
peratnre  ;  and  others  that  give  it  forth  spontaneously,  in  the  com* 
mon  temperament  of  the  atmosphere.  Of  the  former  division  are 
oils,  bitumens,  vinous  spirits,  carbon,  phosphorus,  and  hydrogea 
gas.  Of  the  latter  various  vegetable  and  animal  substances,  oa 
the  commencement  of  putrefaction,  which  consists  in  a  stow  de. 
composition  not  wholly  unlike  combustion  ;  touch. wood,  which  is 
wood  in  a  peculiar  state  of  decay ;  various  species  of  boletus  or 
agaric,  and  especially  that  which  is  denominated  spunk ;  and  a 
multiplicity  of  w6rms  and  insects  in  a  state  of  perfect  health,  as 
pyrosmas,  phioades,  fire-balls,  glow-worms,  and  elaters^. 

It  was  at  one  period,  as  we  shall  find  in  the  ensuing  section,  a 
▼cry  general  opinion  among  the  learned,  that  the  luminous  appear* 
ances  we  refer  to,  were  in  every  instance  produced  by  phospfao* 
rescent  insects  and  worms;  but  the  situations  and  periods  of  the 
year  in  which  they  are  perhaps  most  frequently  met  with,  together 
with  a  variety  of  other  circumstances,  strongly  militate  against 
such  an  idea ;  and  sufficiently  prove,  that  the  source  of  manjf  of 
these  meteors  is  to  be  fought  for  in  the  light  exhaled  by  the  decom* 
position  of  animal  or  vegetable  materials,  magnified,  and  deep* 
ened  in  hue  by  the  haze  or  vapoury  atmosphere  of  the  moist  and 
f  wampy  low  lands  in  which  they  are  chiefly  beheld  ;  and  which,  in 
consequence  of  their  moisture  and  swampiness,  are  particularljr 
favourable  to  the  process  of  decomposition. 

We  may  thus  account  for  many  of  them,  and  particularly  for 
those  that  evince  no  sensible  heat  during  their  illumination ;  for 
the  light  exhaled  or  thrown  off  from  the  substances  we  now  allude 
to,  possesses  no  sensible  heat  whatever. 

It  not  unfreqnently  happens,  however,  that  a  greater  or  len 
degree  of  heat,  a  proof  of  actual  though  slow  combustion,  has 
been  evinced  during  the  existence  of  these  phsenomena ;  as  also 
that  they  have  extended  more  widely  than  any  local  decompositioxi 


taa*i 


*  See  for  a  fuller  account  of  tbeie  curious  facts,  Books  II.  and  III-  of  the 
present  work. 
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woQ!d  in  J  j:e  o?  to  eipect,  and  hare  erm  appeared  to  change  Chetr 
sitaatioo.  and  to  dance  about  from  place  to  place. 

To  ei plain  njMeon  of  this  kind  it  is  only  necessaiy  to  obserre, 
tbit  th*-  r3r:h  if  p<'rpetua]lT  exhaling  a  Taiirtj  of  inflammable 
;as«:S  aod  other  materials,  as  hydrogen  gas  or  laflammable  air, 
plio«phorc5.  carbonic  acid  gas,  and  occasionally  sdphnroas  la. 
pour«  iox^FU'De 3  separately,  and  sometimes  in  a  state  of  union: 
and  tMt  ?h-.-  r.os*.  act  ire  of  these,  are  particularly  evaporating  io 
the  low  ?t2;r3rit  mar;h  grounds  where  these  phamomena  chiefly 
make  thf  ir  ap(>«-arince  ;  and  may  at  any  time  be  collected  with  the 
greatest  ea«'^.  by  placing  orer  the  surface  of  the  soil  an  inrerted 
wine.gla«s  or  tcmbler.  Nov  although  these  ga«eswill  not  inflame 
spontaneo'j«!r,  in  the  ordiuary  temperature  of  the  atmosphere, 
thrv  readilv  indanie  from  a  creat  rarietv  of  natural  causes  to  which 
they  are  perpetually  exptts*  d ;  and  hence,  in  effect^  those  name* 
rous  fire-dan)p«.  in  coal.mincs,  and  other  carerns  of  which  we 
bare  given  a  few  tremendous  examples  in  a  former  part  of  this 
work.  Klectricity  may  be  a  common  cause  of  such  inflammation; 
the  heat  j^en*  rated  during  the  decomposition  of  the  animal  or  vege- 
table materials  that  may  be  locally  decomposing,  may  be  far  more 
than  sufficient  for  this  purpose;  for  we  know  it  to  be  sufficient  to 
set  hay-e tacks  on  tir**,  nht-n  the  grass  has  been  put  together  ia  a 
stite  sufficiently  damp  to  favour  such  d<composition.  And  it  is 
not  improbable,  that  some*  of  t:ie><-'  materials  may  catch  the  illumi- 
nation, as  from  a  candU*,  from  a  body  in  the  immediate  vicinity 
that  is  in  the  uct  of  spontaneous  illumination. 

Now  thtf  ball  or  general  itass  uf  iiinammablc  vapour  being  once 
lighted  or  inflamed,  fiom  uhitever  cause,  will  continue  to  burn  as 
long  as  its  iulUnimable  principle  continui-s  without  being  destroyed; 
and  its  combustible  power  may  be  mon'  or  less  in  proportion  to  its 
purity  or  state  of  concentration  ;  whence  in  some  instances  it  may 
pour  forth  light  uitli  little  or  no  sensible  heat ;  in  others,  the  heat 
combined  with  it  may  be  sufficient  to  produce  slow  combustion  like 
that  of  a  dung.hill ;  auii  in  others  palpable  and  rapid  flame.  From 
the  levity  of  the  illumined  or  burning  vapour,  moreover,  it  most 
necessarily  change  its  place  in  various  instances  according  to  the 
current  of  air  which  it  either  finds,  or  by  hurtling  makes  for  itself: 
and  hence  it  must  appear  to  move  in  various  directions,  upwards 
and  downwards,  to  the  right  and  to  the  left,  from  object  to  object, 
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in  a  coDSttnt  daoce  before  the  spectator,  according  to  tlie  motion, 
because  that  operates  upon  it :  while  its  colours  and  dimensions 
oust  tarj  according  to  the  Tarying  density  of  the  fog,  or  haze, 
through  which,  in  different  places  or  situation?,  it  is  seen,  or 
according  to  its  actually  increasing  or  diminishing  and  decaying 
bulk:  hence,  in  our  opinion,  the  usual  origin  of  this  class  of 
tingniar  meteors. 

We  hazard  the  opinion,  howtTer,  with  much  diffidence,  and 
•ball  iea?e  it  to  our  readers  to  adopt,  or  reject,  as  its  merit  may 
respectif ely  strike  (hem :  and  shall  only  further  observe,  before 
we  proceed  to  offer  a  few  examples  of  them,  that  while  in  all 
countries  they  are  for  the  most  part  to  be  met  in  wet  swampy  low« 
lands,  and  stagnant  marshes  or  morasses ;  they  more  usually  occur, 
and  with  greater  lustre,  in  hot  climates,  upon  the  approach  of 
winter,  when  the  sky,  after  wearing  a  fiery  brightness,  begins  to 
be  overcast,  and  the  whole  horizon  to  be  wrapped  as  in  a  muddy 
cloud.     Mists  and  vapours,   says  an  intelligent  writer,   at  this 
time  continue  to  rise  with  peculiar  density  throughout  all  the 
regions  under  the  line :  the  air  which  so  lately  before  was  clear 
and  elastic,  now  becomes  humid,  obscure,  and  stifling :  the  fogs 
become  so  thick,  that  the  light  of  the  sun  seems  in  a  manner  ez« 
claded;  nor  would  its  presence  be  known,  but  for  the  intense  and 
suffocating  heat  of  its  beams,  which  dart  through  ihe  gloom,  and, 
instead  of  dissipating,  only  serve  to  increase  the  mist.     After  this 
preparation,  there  follows  an  almost  continual  succession  of  thun- 
der, rain,  and  tempests.     Duringthis  dreadful  season,  the  streets 
•f  cities  iow  like  rivers,  and  the  whole  country  wears  the  appear* 
ance  of  an  ocean.    The  inhabitants  often  make  use  of  this  oppor. 
tnnity  to  lay  in  a  stock  of  fresh  water,  for  the  rest  of  the  year; 
as  the  same  cause  which  pours  down  the  deluge  at  one  season, 
denies  the  kindly  shower  at  another.    The  thunder  which  attends 
the  fall  of  these  rains,  Is  much  more  terrible  than  that  we  are 
generally  acquainted  with.     Among  ourselves,  the  flash  is  se<*n  at 
•ome  distance,  and  the  noise  short'y  alt^-r  ensuf^ ;  our  thander 
gen<*rally  rolls  on  one  quarter  of  the  sky,  and  one  stroke  pnrsaet 
anither.     But  here  the  whoU  sky  appt-ars  abruptly  illuminated 
with  unremitted  flashes  of  li^htnin« ;  every  part  of  ttie  air  se(*ms 
productive  of  its  own  thunders ;  and  every  cloud  produc^-s  it^  own 
ahork.    The  strokae  comt  so  thick,  that  the  inhabitanto  can  scarca 
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mark  the  intemlt ;  and  all  is  one  nnremifted  roar  of  eltmenfarj 
confusion*  It  sfaoald  seem,  howerer)  tftat  the  lightning  of  thost 
countries  is  not  so  fatal,  or  to  dangerous,  in  a  proportion  to  its 
energjy  as  that  with  us ;  since,  in  this  case,  the  torrid  zone  woild 
be  uninhabitable. 

When  these  terrors  hare  ceased,  with  which,  howeTer,  the  ot- 
tifes  are  famifiar,  meteors  of  another  kind  begin  to  make  their  ap. 
pearance.  Tlve  intense  beams  of  the  sun,  darting  upon  ttagoant 
waters,  that  generaHj  coTer  the  surface  of  the  country,  raoeTa. 
pours  of  rarious  kinds.  Floating  bodies  of  fire,  which  asnimc 
different  names,  rather  from  their  accidental  forms,  than  from  any 
real  drfference  l>etween  them,  are  seen  without  surprise.  The  draco 
ToUns,  or  flying  dragon;  wUl.o'.the-wisp ;  the  ignis  fatons,  or  wan* 
dering  fires  of  St  Helmo,  or  the  mariner's  light,  are  erery  where 
frequent ;  and  of  these  we  have  numberless  descriptions. 

^Editor. 

SECTION  If. 

Of  the  Ignis  FaiuuSf  at  observed  in  Engiand* 

By  Sir  Tkoouu  Dereham,  Bart.  F.R.S.  the  Rev.  Williaa  Derbaa,  F.R.S. 

and  othen. 

It  being  the  opinion  of  dirers  skilful  naturalists,  particularly 
Mr.  Fr.  Wiiloughby  and  Mr.  Ray,  that  ignes  fatoi  are  only  the 
shining  of  a  great  number  of  the  male  glow-worms  in  England,  or 
of  the  pyraustSB  in  Italy,  flying  together,  Mr.  D.  consulted  Iss 
friend,  Sir  Thomas  Dereham,  about  the  phenomenon,  being  is* 
formed  that  those  ignes  fatui  are  common  in  all  the  Italian  ptrts. 
But  of  the  pyraustac,  or  fire-flies,  he  says,  he  never  obserred  any 
such  efiects,  though  there  is  an  immense  number  of  them  in  Jvic 
and  July.  He  also  says,  that  these  pyraustai  are  called  Lncdoie, 
i.  e.  small  lights,  and  that  they  are  not  tlie  farfails^  as  Mr.  fiij 
thought,  which  are  butterflies. 

fiut  Mr.  D.  has  reason  to  think^  that  insects  are  not  concerned 
in  the  ignes  fatui,  from  the  following  obserrations  ;  the  first  made 
by  himself,  and  the  others  received  from  Italy,  by  the  fitfour  of 
Sir  Thomas  Dereham. 

His  own  observation  he  made  at  a  pUce  in  a  vnlley  between 


rorky  Lil's,  vliich  he  su^ipecteil  might  contain  minerals,  in  some 
boggy  ground  near  (he  bottiim  or  thosp  hills.  Where,  Bering  una 
in  a  CBJoi,  dark  itiglil,  with  gentle  approaches,  he  gut  up  within 
two  or  tliret^  yards  or  ii,  atiil  viewed  it  with  all  possible  care,  lie 
fouid  it  frisking  about  a  dead  thistle  growing  in  the  field,  till  a 
small  molioii  of  the  air  made  it  skip  to  another  place,  and  thencf 
to  another,  and  anolSer. 

It  is  about  lirty.hte  jears  since  he  isw  thU  phenomenon,  hut  he 
had  as  frekli  and  perfect  an  idea  of  it,  aa  if  it  was  but  a  few  dajrs. 
And  as  he  took  it  then,  m>  be  Is  of  the  same  opinion  now,  that  it 
RBI  a  fired  *apuur. 

The  male  gluw.worms  Mr.  U.  knuwa  emit  their  shininit  light,  ax 
they  Uj  ;  hy  which  means  they  discover  and  woo  the  females;  but 
he  never  observed  them  to  fly  lugethrr  in  so  great  numbers,  as  lu 
make  a  li^ht  «i|ual  to  an  ignis  fatuus.  And  he  was  so  near,  that 
had  it  been  the  shining  ufgluw.worms,  he  must  have  seen  il  in 
little  dislinct  sputi  of  light;  but  it  was  one  continuous  body  of 
light. 

As  to  the  comunication  from  Italy,  it  is  observed  that  Ihesv 
lights  are  pretty  common  in  all  the  territory  of  Bologna.  In  th« 
plains  they  are  very  freriucnlly  observed;  the  country  people  call 
(beracularsi,  perhaps  from  some  fancied  similitude  to  thoiie  birds  ; 
and  because  they  consider  Ihem  as  birds,  the  belly  and  other  purls 
of  whichare  resplendent  like  our  shining  Giei.  They  are  most 
frequent  in  watery  and  morasty  ground,  and  there  are  some  »uch 
places,  where  one  may  be  almost  sure  of  seeing  ihem  every  night, 
if  it  be  dark  ;  some  of  them  giving  as  much  light  as  a  lighted  torch, 
and  some  nu  larger  than  the  flame  of  a  common  candle.  All  of 
them  have  the  same  property  in  resembling,  both  in  colour  and 
light,  a  flame  strong  enough  to  reilect  a  lustre  on  neighbouring  ob- 
.iects  all  around.  They  are  continually  in  motion,  but  this  motion 
is  various  and  naocrtain.  Sometimes  they  vise  up,  at  others  (hey 
sink.  Sometimes  they  disappear  of  a  sudden,  and  appear  again  in 
an  instant  in  some  other  place.  Commonly  they  keep  hov«ring 
about  six  feet  from  the  ground.  As  they  differ  in  kize,  so  also  la 
figure,  spreading  sometimes  pretty  wide,  and  then  again  contract- 
ing themselves.  Sometimes  breaking  to  all  apiimrnnce  into  two, 
toon  after  meeting  again  into  one  body;  sometimes  floating  like 
^O^elting  drop  lomr  parts  like  <iiBrks  out  of  a  firr.     And 


J 


600  ItVlf  llfOUt  AMD  BOmaiHG  BXH4LATION». 

in  CIm  J€tj  Biddto  of  Um  wintor,  whtn  tim  weaftlwr  is  very  cold, 
and  the  groimd  cotered  with  taow,  Umj  oio  observed  sore  fre- 
qnestijr  than  in  tJie  hottest  fammer.  Nor  does  either  rain  or  msw 
n  anjirise  prerent  or  hinder  their  appeaimnce  ;  on  the  contraij, 
dKj  are  more  freqaently  obserted,  and  cast  a  stroflgor  lif^t,  ■ 
fsiny  and  wet  weather.  Bat  since  they  do  not  receire  any  dssusy 
from  wet  weather ;  and  since,  on  the  otlmr  hand,  it  has  asvir 
been  observed,  that  any  thing  was  seC  on  fire  by  them,  thoagh  they 
most  needs  in  their  moTing  to  and  fro,  meet  with  a  good  aiaay 
combastiUe  substances,  it  may  from  thence  be  inferved,  that  thef 
have  some  resemblance  to  that  sort  of  phosphorus  that  shines  n 
the  dark,  without  baming  any  thing.  As  to  the  appearance  of  tUi 
phenomenon  in  monntainoas  parts,  they  difier  in  nothing  else  bat 
in  sise ;  these  latter  beuig  aerer  obsenred  any  larger  than  tbe 
lame  of  an  ordinary  candle.  In  general,  these  lights  are  greet 
friends  to  brooks  and  riters,  being  frequently  obserred  along  their 
banks ;  perhaps  because  the  air  carries  them  thither  more  caslf 
than  any  where  else.  In  ail  other  particulars,  as  in  their  metioa, 
the  manner  of  their  appearance,  their  disappearing  sometimes  vefy 
suddenly,  their  light,  the  height  they  rise  to,  and  their  not  bei^g 
affected  either  by  rainy  or  cold  weather,  diey  are  the  very  nne 
with  the  cularsi  above  described,  or  the  large  Will  with  a  Wisp,  S5 
obserred  in  the  plains. 

A  young  gentleman,  a  very  accurate  and  skilful  observer  of  na- 
tural appearances,  travelltng  sometime  in  March  last,  between 
eight  and  nine  in  the  evening,  in  a  mountainous  road,  aboat  tea 
miles  south  of  Bologna,  as  he  approached  a  certain  river,  called 
Rioverde,  he  perceived  a  light,  which  shone  very  strongly  on  ssae 
stones  that  lay  on  the  banks.  It  seemed  to  be  about  two  leet 
above  the  stones,  and  not  far  from  the  water  of  the  river :  in  figan 
and  size  it  had  the  appearance  of  a  parallelopiped,  somewhat  above 
a  Bolognese  foot  in  length,  and  about  half  a  foot  high,  its  loogeit 
side  lying  parallel  to  the  horizon  :  its  light  was  veiy  strong,  iaso- 
much  that  he  could  very  plainly  dlstingubh  by  it  part  of  a  ne^k 
bouring  hedge,  and  the  water  in  the  river.  The  gentleman's  curi- 
osity tempted  bim  to  examine  it  a  little  nearer ;  in  order  to  whicb, 
he  advanced  gently  towards  the  place,  but  was  surprised  to  find, 
that  insensibly  it  changed  from  a  bright  red  to  a  yellowish,  and 
then  to  a  pule  colour,  in  proportion  as  he  drew  lamnt;  andthst 
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wlieB  Ira  came  to  the  place  itself,  it  was  qoite  Tanisbed.  Od  this 
be  stepped  back,  and  not  only  saw  it  again,  bat  foand  that  the  far. 
ther  he  went  from  it,  the  stronger  and  brighter  it  grew  ;  nor  conM 
ke,  on  narrowly  viewing  the  place  where  this  fierj  appearance  was, 
perceive  the  least  blackness,  or  smell,  or  any  mark  of  an  actual 
fire.  The  same  obserration  was  confirmed  by  another  gentlemao, 
who  frequently  travels  that  way,  and  who  asserted,  that  he  had 
seen  the  very  same  light  five  or  six  different  times,  in  Spring  and 
Antamn,  and  that  he  had  always  observed  it  in  the  very  same  shape 
and  the  same  place ;  which  seems  very  difficult  to  be  accounted 
for.  He  said  fnrther,  that  once  he  took  particular  notice  of  its 
coming  out  of  a  neighboariog  place,  and  then  settling  itself  into  the 
figure  above  described. 

IPhil.  Trans.  Abr.  1729. 

SECTION  III. 

Luminous  and  Inflammable  Exhalation  on  the  Snomi  of  the 

Appenninei. 

Wx  have  ventured  in  the  first  section  of  this  chapter  to  ascribe 
the  greater  number  of  luminons  exhalations  that  float  over  the  sur- 
face of  the  earth  to  the  extrication  and  inflammation  of  hydrogeiu 
gas,  similar  to  that  which  is  so  frequently  elicited  in  coal  miueS| 
under  the  name  of  fire.damp.  In  the  midst  of  the  snows  on  the 
summit  of  the  Apennines,  was  traced  in  the  middle  of  last  century^ 
a  luminous  and  burning  exhalation  which  evidently  proceede4 
from  this  cause.  It  is  clearly  and  accurately  described  by  Robert 
More,  Esq.  in  a  letter  published  in  the  Philosophical  Transactions^ 
vol.  xlf  ii. ;  in  which,  among  other  facts  of  natural  history,  he  ob- 
serves that  the  fire  among  the  snows  on  the  summit  of  the  Apen.^ 
nines  is  of  the  same  sort  with  that  about  a  little  well  at  Brosely* 
ivL  Shropshire ;  of  which  the  Society  has  had  an  account ;  the  sam# 
as  of  the  foul  air  sent  them  from  Sir  James  Lowther'sf  coal  pits  ; 
and  the  like  made  by  a  gentleman  with  filings  of  iron  and  oil  of 
vitriol.  The  flame,  when  he  saw  it,  was  extremely  bright|  covered 
a  surface  of  about  three  yards  by  two^  and  rose  itbout  four  bet 

•  See  Philoe.  Trmnt.  Ko.  482.— Orig.  '         '^ 

t  No.  488,  Ko.  44t«-«Qrig. 
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high.  After  great  rains  and  snows,  they  said,  the  whole  bare  patch, 

of  about  nine  yards  diameter,  flanii'S.     The  gravel,  out  of  whicb  k 

rises,  at  a  very  little  depth,  is  quite  cold.     There  are  three  of  these 

fires  in  that  neighbourhood  ;  and  there  was  one  they  call  extiact. 

He  went  to  the  place  to  light  it  up  again,  and  left  it  flaming.    TW 

middle  of  the  last  place  is  a  little  hollowed,  and  had  in  it  a  puddle 

of  water:  there  were  strong  ebullitions  of  air  through  the  water; 

but  that  the  air  would  not  take  fire ;  yet  what  rote  through  tht 

wet  and  cold  gravel  flamed  brightly.     Near  either  of  these  fiaa^i, 

removing  the  surface  of  the  gravel,  that  below  would  take  fire  fitMi 

lighted  matches* 

IPhil.  Tram.  1750. 

SECTION  IV. 

1.  Fierj/  Exhalations  or  Damp,  that  tet  on  Fire  various  Hay 

Ricks  in  Pembrokeshire. 

Id  a  Lettf r  from  Mr.  Edward  Floyd,  to  Dr.  Leister,  F.R.S.  dated 

Jan.  SO,  1603-4. 

I  am  wholly  intent  at  present  on  giving  yon  the  best  account  I 
can  of  a  most  dismal  and  prodigious  accident  at  Ilartech  in  tins 
county  (Pembrokeshire),  from  the  24th  to  the  30th  of  December, 
1693.  It  is  of  the  unaccountable  firing  of  sixteen  ricks  of  hay, 
and  two  barns,  one  full  of  com,  the  other  of  hay.  I  call  it  on. 
accountable,  because  it  is  evidt-nt  they  were  not  burnt  by  cominoB 
fire,  but  by  a  kindled  exhalation,  which  was  often  seen  to  cone 
from  the  sea,  and  lasted  at  least  a  fortnight  or  threi^  weeks  ;  and 
annoyed  the  country,  both  by  poisoning  the  grass  and  firing  the 
hay,  for  the  space  of  a  mile.  It  was  a  weak  blue  flame,  easily 
extinguished,  and  did  not  in  the  least  bum  any  of  the  men  who  in. 
terposed  their  endeavours  to  save  the  hay,  though  they  veotared 
not  only  closeto  it,  but  sometimes  into  it.  All  the  damage  sustsuned 
happened  constantly  in  the  night.  There  are  three  small  tenements 
in  the  same  neighbourhood,  where  the  grass  is  so  infected,  that  it 
absolutely  kills  all  manner  of  cattle  that  feed  on  it  The  gras? 
has  been  infectious  these  three  years,  but  not  thoroughly  fatal 
till  this  last. 
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t.  Continuaiionof  the  above  Accountyjrom  ike  same,  to  tkt 

same  J  dated  August  23,  1694. 

An  intelligent  person*,  who  lives  near  Harlech  in  Merioneth* 
shire,  assured  me  the  fire  still  continues  there  ;  that  it  is  obserrad 
to  come  from  a  place  called  Monra.bjrchan  in  Caemanronshire) 
about  eight  or  nine  miles  off,  orer  part  of  the  sea.  That  cattle  of 
all  sorts,  as  sheep,  goats,  hogs,  cows,  and  horses,  still  die  apace  ; 
and  that  for  certain,  any  great  noke,  as  winding  horns,  dmms, 
^c.  repels  it  from  any  house,  or  barn,  or  stacks  of  hay:  on  ac- 
count of  which  remedy,  they  have  had  few  or  no  losses  in  that  kind 
fince  Christmas.  That  it  happened  during  this  snmmeri  at  least, 
one  night  in  a  week,  and  that  commonly  either  Saturday  or  $«•- 
day  ;  but  that  now  of  late  it  appears  something  oftener.  The  place 
whence  it  proceeds  is  both  sandy  and  marshy. 

IPhil.  Trans.  1693^ 

It  is  not  impossible  that  the  winding  of  horns,  drums  and  other 
noises  here  referred  to  may  hare  been  senriceable  in  destroying  the 
flame  ;  if,  as  there  can  be  little  doubt,  the  inflammable  material  wert 
hydrogen  gas ;  for  whatever  would  tend  to  change  and  ▼entilata 
the  gas,  as  all  lond  sounds  must  necessarily  do,  would  speedily 
render  it  weaker,  or  in  other  words  more  freely  combined  with  the 
uninflammable  air  of  the  atmosphere. 

[EoiTOB« 
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CHAP.  XLVIH*. 

6n     atmospheric       deceptions. — PATA      MORGANA,      MIRA6ES| 

olamer  or  looming;  ual08  ;  multiplied  rainbows; 
parheli0n8,  and  pakaselenites,  or  mocr.suns,  and  mocr* 
moons;  clories;  refraction  of  Iceland  crystal. 


SECTION   I. 

Explamaiion  of  ike  principle  of  Atmospheric  Deceptions. 

ajLll  these  carious  and  interesting  phenomena  proceed  from  one 
common  cause,  irregularltj  in  the  tenaity  of  the  atmospheric  fleid. 
To  entor  howeter,  Tery  fnllj  into  their  origin  and  dbtinctioBS, 
would  Xetid  us  farther  into  the  laws  of  optics  than  the  natare  of  the 
present  work  would  jastifj.  One  of  the  clearest  and  most  concise 
explanations  that  has  occurred  to  ns,  and  at  the  same  time  most 
adapts  to  popular  comprehension,  is  contained  in  a  note  to  Mr. 
Good'ji  Translation  of  Lucretius,  book  if.  v.  144,  In  which  the 
poet  enters  upon  a  description  of  the  mirage  (or  glamer  as  it  is  called 
in  the  Highlands)  a  distorted  and  fantastic  representation  of  the 
scenery  before  us-— a  description  which  we  regret  that  we  have 
not  space  to  copy.     The  note  is  as  follows  : 

These  monstrous  appearances  in  the  atmosphere  are  not  equally 
common  to  all  countries,  but  depend  in  a  great  measure  upon  ]o« 
cal  causes  and  combinations.  According  to  Pliny,  the  regions  of 
Scythia  within  Imaus ;  and,  according  to  Pomponius  Mela,  those  of 
Mauritania  behind  mount  Atlas,  are  peculiarly  subject  to  them ; 
and  they  are  generally  regarded  by  the  barbarous  inhabitants  of 
iuch  countries  as  spectres,  or  aerial  demons.     Of  such  grotesque 

•  It  mtghf  perbapt  be  expected,  before  we  thus  enter  apon  a  oew  ml^ieety 
that  we  ihotild  touch  upon  the  phenomenoo  of  Fairy  Rinp»  or  Circlet  ;  winch 
bave  from  a  very  high  antiquity,  been  ii^enerally  ascribed  to  the  effect  of  light- 
ninf;,  nt  fiery  meteors  of  some  kind  or  other.  More  accurate  attention,  bow* 
ever,  has  proved  them  to  be  the  production  of  a  fungus,  the  agaricos  orcades, 
and  hence  to  ftdl  within  the  range  of  the  curiosities  of  Botany* 

[Editob. 
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phenomena,  Diodoru*  Sicnlus  makes  particular  mention  in  ths 
fiflicih section  of  hi«  (liird  book,  and  points  out  the  rrgioni  of  Africa 
■ituate  between  the  SyrtPS  and  Cyrenp,  a<  the  theatre  of  their  most 
eitraorttlnary  a^'peanitice*  irspi  yip  nvaf  Kaipwf,  suyt  he,  xai 
^ffXirra  xaTct  ra{  >r,yi^iA(,  gvrrti9i\s  o^tuWai  <i«r»  rav  ntpa, 
wayrtuuy  ZilClU  litxf  ifA-Zaivtwai-  tevTmr  f,  ai  fitr  7jpiu.«unv,  ai 
tt  xirTiCir  ^afiCavCuri'  xai  vtrt  fitr  uraftUYOVffi,  *oTt  ii  Sioniws*. 
■*  Kvn  in  the  serenest  weather,  there  are  Mmetimea  »een  in  thn  air 
certain  rondensed  exhalationi,  that  represent  th«  fi^urp"  of  all 
kinds  of  animals  ;  occasionally,  they  seem  to  be  niotionl>'!<s,  and  in 
perfect  quietude;  and  occasionally  to  be  flying  ;  nhile  immedt* 
ately  afterwards,  they  themsplvFS  a|ipear  to  be  the  pursu<>rs,  and 
to  make  other  other  ohjecis  fly  before  them.'*  Ihi'  phenonienon 
■9,  in  reality,  seldom  ohsecTed,  except  in  serene  wt-atder;  and  it 
should  seem,  upon  every  theory  yet  oHered  to  account  for  it,  from 
the  inf^enious  explanation  of  our  own  poet  to  that  of  M.  Mongein 
the  Memoirs  relalite  to  E^ypt,  that  such  an  atmosphere  is  nearly 
or  allogelhiT  necessary  to  its  existence.  The  illusion  his  been  ni>- 
liced  as  frequently  by  modern  as  by  ancient  observers ;  and  M. 
Cranit,  In  his  History  of  Greenland,  Vol.  I.  40.  has  given  a  pic* 
ture  of  it,  not  essentially  difliring  from  the  above  juit  quoted  front 
Diodorus  Siculut.  It  is  not  confined  (o  any  particular  part  of  the 
globe,  but  generally  makes  its  appearance  on  the  coast ;  the  at* 
mosphere,  at  I  have  already  observed,  beinf;  commonly  clear 
and  tranquil,  and  the  phenomenon  usually  succeeded  by  a  fall  of 
rain.  Our  own  sailors,  from  its  more  general  appearance,  call  it 
a  f»g-bank  ;  by  many  writers,  it  is  denominated  fata  Morgana, 
and  by  Ihe  French,  mirage. 

For  this  atmospheric  delusion,  rarious  causes  have  beenassiened  ; 
and  especially  by  Kircher,  Scholt,  and  Gasparrf  Monge,  whoac 
coropanied  Buonaparte  in  his  Egyptian  expedition,  as  one  of  lh« 
French  S^avans,  and  was  a  member  of  the  Institute  at  Cairo :  yet 
□0  explanation  I  have  hitherto  met  with,  has  been  given  in  tatit> 
faclory,  or  at  least  in  popular  language. 

To  illustrate  it  as  clearly  as  may  be,  it  Is  necessary,  first  of  all, 
la  call  the  reader's  attention  to  Ihe  variable  state  of  the  atmosphere  ; 
which  is  commonly  of  an  homoeeuuus,  or  equable  tenuity,  and 
consequently  suffers  the  rays  of  the  sun  to  penetrate  it  without  any 
obatrocUra  irr  change ;  but  at  timei  it  ii  irrcfniar,  end  composed  of 
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ptrts  or  bodk>t  of  a  denser  mediom  than  its  general  textore  and 
constitation  :  in  which  case  the  fluent  ray,  if  it  do  not  enter  the 
denser  mediom  in  a  direct  or  perpendicular  line,  will  be  either  re. 
fleeted,  or^refracted,  or  both  ;  and  the  object  sunreyed  through  it 
assume  a  new,  and  not  unfreqaently  a  grotesque  appearance. 

There  are  Tarioos  causes  that  produce  such  irregularities  in  the 
tenor  of  the  atmospheric  fluid ;  of  which,  perhaps,  the  most  com- 
mon is  the  descent  of  rain,  whose  globules,  when  opposed  to  the 
tnn  or  the  moon,  at  their  rising  or  setting,  in  a  clear  sky,  are  well 
known  to  exhibit  the  phenomenon  of  the  rain.bow :    a  phenome- 
non which  depends  upon  the  Tery  principle  now  adferted  to ;  and 
proceeds,  indeed,  from  a  double  reflection  and  refraction ;  or,  ia 
other  words,  from  the  globule  which  produces  the  arch  being  con* 
verted  into  a  double  mirror,  and  a  double  prism.     In  the  formation 
of  this  beautiful  meteor,  it  is  necessary  to  obserre,  that  the  ray 
which  issues  from  the  centre  of  the  sun,  and  does  not  immediately, 
or  perpendicularly,  pass  through  the  centre  of  the  opposed  globole 
of  rain,  must,  upon  the  common  principles  of  dioptrics,  in  conse. 
q«ence  of  its  entering  a  transparent  body  of  a  different  medium 
from  the  atmosphere  itself,  in  a  certain  degree,  be  bent^  deflected, 
or  refracted  from  the  right  line  in  which  it  was  proceeding ;  and 
hence,  instead  of  passing  out  at  the  posterior  part  of  the  globule, 
immediately  opposite  to  that  at  which  it  entered,  it  will  be  drifen 
towards  another  limb,  or  marginal   portion  of  the  globole,  and 
form  an  angular  line  co.equal  to  the  obliquity  with  which  itderiates 
from  a  right  line  on  its  entrance  into  the  globule ;  just  as  a  stake, 
or  the  oar  of  a  boat,  plunged  obliquely  into  a  rlrer,  appears  to  be 
broken,  or  deflected,  from  the  point  at  which  it  enters  the  water. 
At  this  point,  the  refracted  ray,  instead  of  passing  out  of  the  glo« 
bole,  suffers  another  deflection,  but  from  a  Tery  different  cause: 
for  the  ray  of  light  having  been  thrown  across  a  certain  portion  of 
the  posterior  chamber  of  the  globule  of  rain,  without  permeating 
it,  all  behind  its  passage  becomes  necessarily  a  dark  shade,  while 
the  globule  itself  forms  an  anterior  and  polished  surface  to  it ; 
whence  a  regular  mirror  is  produced,  and  the  ray  is  now  reflected 
or  thrown  back  from  it,  in  the  same  manner  as  an  incident  ray  of 
light,  or  image,  is  reflected  or  thrown  back  from  a  lookiog.glass, 
or  a  deep  and  clear  stream  of  water ;  both  of  which,  like  the  globule 
f  has  situated,  consist  of  nothing  more  than  a  dark  shadow  with  a 
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polished  surface  :  the  obliqoif  j  of  its  path,  in  the  present  instance^ 
tH-ing  precisely  similar  to  that  which  it  has  prcrvioaslj  suffered  from 
refraction  ;  the  angular  lioe  of  reflection  being  always  co^eqaal 
HJth  the  angular  lioe  of  incidence.  It  is  hence  obvioos,  that  the 
ray,  or  fascicle  of  parallel  rays,  which  entered  obliqoely  below  the 
centre  of  the  globule,  opposed  to  the  centre  of  the  snn,  oiost  be 
reflected  obliqody  alMTeit;  and  as  the  same  process  necessarily 
takes  place,  but  in  an  inrersed  order,  with  the  antagonist  ray,  or 
fascicle  of  paralkl  rays  that  entered  with  the  same  degree  of  obli» 
quity  aboTe  it,  it  b  also  obrions  that,  from  this  double  refractinig 
and  reflecting  power  of  an  indit idoal  globule  of  rain,  situated  as 
aboTe  described,  an  angle  of  light  must  be  fonned,  from  their  an* 
tagonism  alone,  exhibiting  the  diflerent  colours  of  which  they  con* 
sist  in  a  definite  order,  according  io  the  degree  of  their  refrangibi* 
lity  :  that  the  spread,  or  hypothenense,  of  the  angle  must  depend 
upon  the  diaaMter  of  the  globule  which  produces  it ;  and  that 
its  point  bein«:  softened  or  obtunded  io  the  eye  by  the  distaoea 
through  which  it  b  beheld,  agreeably  to  an  obserration  of  our  poeC 
in  T.  375  of  Good's  Lecretius,  the  angle  must  be  coorerteJ 
into  an  arch.  And,  hence,  a  beautiful  and  variegated  raio^boar 
must  necessarily  result  from  a  few  rays  of  light  acted  upon  by  e 
single  globule  of  rain,  situated  as  abore,  from  the  fact  alone  of  tii 
possessing  the  power  of  a  binary  mirror  or  prism. 

But  a  globule  of  rain  b  not  tlie  only  substance  in  the  atmotphere 
capable,  at  times,  of  prodncing  the  same  effect ;  nor,  since  we  ant 
told  that  the  aurage  usually  occnri  when  tlie  sky  is  pecniiariy  tran* 
quil  and  serene,  could  it  be  the  cauf^  of  this  last  equally  curiona 
phenomenon.  Our  time,  howerer,  has  not  been  lost  in  thni 
hastily  inrestigatinc  the  theory  of  the  iris  ;  far  the  same  principlea 
will  apply  io  the  meteor  before  n^.  We  are  informed,  not  only 
that  the  aurage  is  chiefly  to  be  noticed  when  the  sky  is  clear  and 
unclouded,  but  in  the  awmio^  and  principniiy  upon  the  coasts  er 
banks  of  a  large  rirer.  The  mirage  beheld  by  M.  Crantz  was  00 
the  shore  of  the  Keokoeman  islands  near  the  Cape  of  Good  Hope  ; 
it  has  often  been  traced  at  the  back  of  the  Isle  of  Wight ;  but  thi^ 
quarter  in  which,  perkapf ,  it  most  frequently  makes  iu  appearnncOf. 
is  the  Faro  of  Mussina  in  Italy.  In  all  these  places,  when  the 
weather  is  perfectly  calm,  and,  consequently,  tke  sea  almost  with, 
out  motion,  the  Mtmoifhtft^  mote  aspecinlly  in  ndry  and  kot 
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ton,  imbibes  a  coosidertbic  portioii  of  tiie  water  upon  wliidi  its 
lower  stratom  presses  ;  and  hence,  in  the  night-time,  becomes  con- 
densed and  hazy.  As  the  morning  rises,  however,  and  the  sun- 
beams resume  their  Tigour,  the  atmosphere  once  more  rarefies,  and 
ro*acqaires  its  transparency.  If  it  rarefy  eqnably,  and  homogene. 
oosly,  every  object  beheld  through  it  most  necessarily  be  exhibited 
hk  its  real  proportion  and  figure :  but  it  happens,  occasionally, 
that  in  some  parts  of  its  texture,  it  seems  to  be  more  closely  inter, 
woven  than  in  others ;  and  hence  in  its  general  expansion,  veins^ 
or  ttricBy  like  those  often  discovered  in  glass,  make  their  appear- 
ance, of  different  densities  and  diameters.  In  this  case,  every  itria^ 
like  every  globule  of  rain,  in  consequence  of  the  variation  of  its 
density  from  the  common  density  of  the  atmosphere,  becomes  a 
refracting  or  a  reflecting  body ;  in  other  words,  a  prism,  or  a 
mirror,  or  both.  If,  then,  a  single  globule  of  rain,  properly  dis- 
posed, be  able  to  produce  a  phenomenon  so  marvellous  as  that  of 
the  rainbow,  what  phmnomena  may  we  not  expect,  what  variation, 
inversion,  contorsion,  and  grotesque  and  monstrous  representation 
of  images,  beheld  through  a  column  of  the  atmosphere,  intersected 
by  so  many  aerial  prisms  of  different  densities,  and  mirrors  of  dif« 
ferent  surfaces,  in  which  the  catheti  may  be  innumerable,  and  for 
ever  varying  ?  We  may  hence,  moreover,  readily  trace  the  cause 
of  an  occasional  duplication  of  images  in  the  atmosphere,  of  a  par- 
helion, and  paraselene,  or  double  sun,  and  donble  moon,  from  the 
reflection  of  these  luminaries  in  an  opposite  part  of  the  heavens, 
when  they  are  a  little  above  the  horizon ;  as  also  of  the  very  curi. 
ous  mirage  remarked  by  M.  Monge,  in  the  hot  and  sandy  desert 
between  Alexandria  and  Cairo  ;  in  which,  from  an  inverted  image 
of  the  cerulean  sky  intermixed  with  the  ground  scenery,  the  neigh- 
bouring villages  appeared  to  be  surrounded  with  the  most  beautiful 
sheeting  of  water,  and  to  exist,  like  islands,  in  its  liquid  expanse, 
tantalizing  the  eye  by  an  unfaithful  representation  of  what  was 
earnestly  desired. 

The  mirage  has  not  been  suffered  to  lie  neglected  by  the  poets. 
It  is  to  the  aerial  phantoms  exhibited  by  this  meteor,  that  Milton 
fllndes,  In  the  following  verses  : 

As  when,  to  warn  prond  cities,  war  appears 
Waged  in  the  troubled  sky,  and  vmies  rush 
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To  bftttle  lA  the  ckwds :  belbf«  each  ▼«■ 

Prick  forth  the  aiij  ksuhts,  amd  camdk  their  ipan. 

Till  thickest  legions  clo*e  i  with  l«ifs  of 

From  either  side  of  haven  the  welkia  h«] 

SECTI09  II. 

Fa/a  Morgana*  or  Opiical  AppemramttM  •/  Fi§mrt9  ra  the  Sea 

and  jOtj  httke  Faro  of  IkMeima. 


As  nlwfli  a  ikefbcH  tff  fhe  Hrbrid  Ilia 
Plac^  far  aai4  the  fliarhjly  «ub, 
(Wlietlirr  it  W  lose  fuKv 
Orthet 

T»  scaad,  cabaAir^,  t#cv  ersKS  pliu«> 
Sees  M  the  Baked  kill,  or  valk7  W«, 
The  whib<  ia  oceaa  FlHrbai  dips  h»  waia, 
A  vaitaaeably  BOfvias  taaad  fro; 
Tbea  all  at  oace  ia  air  diaolTefthe  vaad'rMi 

Ti 

TarioQS  philosophical  writers  and  travellers,  and  aaong  then 
onr  English  travellers  Brydone  and  Swinbome,  make  mention  of 
a  fery  striking  phenomenon  which  occasionaUj  appears  in  tho 
Straits  of  Messina,  and  n  known  bj  the  name  of  Fata  Morgana, 
or,  as  some  render  it,  the  castles  of  the  Fairy  Morgana.  The  ac* 
counts  differ  from  each  other,  as  well  with  respect  to  the  appear* 
ances,  as  the  concomitant  circnmstaoces  whidi  are  supposed  to  be 
necessary  for  prodacing  them.  How  Ctr  the  effects  themselfcf 
may  be  subject  to  Tariation  ;  or  to  what  extent  the  inuu^nation  of 
the  narrators,  who  speak  of  the  exhibition  as  calculated  to  pro* 
duce  astonishment,  may  be  subject  to  irregularitlty,  would  admit  of 
discussion  ;  but  the  general  certainty  of  the  events  b  matter  of 
universal  notoriety,  and  admits  of  no  doubt*  I  have  not  bad  tho 
good  fortune  to  meet  with  any  of  the  authors  who  treat  on  this 
subject  expressly  from  their  own  knovrledge  and  obiervatioo,  tHl 
lately  that  the  Dissertation  of  Minasi  was  lent  me  by  the  Right 
Honourable  Sir  Joseph  Banks,  Bart,  3cc,  In  this  treatise  the  facts 
are  related  with  much  simplicity  and  precision,  and  the  philosophical 
•reasoning  of  the  author  is  kept  distinct  from  the  narrative.  I  hava 
tharefero  chosen  to  ooUect  the  present  account  from  this  author. 


510  OPTICAL  Fiouaes. 

His  first  chapter  contiins  a  description  of  the  phenomeaoo. 
'^  When  the  rising  sun  shines  from  that  point  whence  its  incideat 
ray  forms  an  angle  of  about  fortj-fire  degrees  on  the  sea  oC  Reggie, 
and  the  bright  surfaee  of  the  water  in  the  baj  is  not  dbtnrbcd 
either  by  the  wind  or  the  current,  the  spectator  being  placed  on  an 
eminence  of  the  city,  with  his  back  to  the  sun  and  his  face  to  the 
tea  ; — on  a  sudden  there  appear  in  the  water,  as  in  a  catoptric 
theatre,  Tarious  multiplied  objects  ;  that  is  to  say,  nnmberless  series 
of  pilasters,  arches,  castles  well  deUneated|  regular  colomns,  lofty 
towers,  superb  palaces,  with  balconies  and  windows,  extended 
alleys  of  trees,  delightful  plains  with  herds  and  flocks,  armies  of 
meo  on  foot  and  horseback,  and  many  other  strange  images,  in 
their  natural  colours  and  proper  actions,  passing  rapidly  in  sac 
cession  along  the  snrface  of  the  sea,  during  the  whole  of  the  short 
period  of  time  while  the  aboTe.mentioned  causes  remain. 

^*  But  if,  iu  addition  to  the  circumstances  before  described,  the 
atmosphere  be  highly  impregnated  with  fupour,  and  dense  exhala. 
tions,  not  preTiously  dispersed  by  the  action  of  the  wind  or  waves, 
or  rart^fied  by  the  sun,  it  then  happens  that  in  this  Taponr,  as  in  a 
curtain  extended  along  the  channel  to  the  height  of  about  thirty 
palms,  and  nearly  down  to  the  sea,  the  observer  will  behold  the 
scene  of  the  same  objects  not  only  reflected  from  the  surface  of  the 
sea,  but  likewise  in  the  air,  though  not  so  dbtinct  or  well  defined 
as  the  former  objects  from  the  sea. 

<^  Lastly,  if  the  air  be  slightly  hazy  and  opake,  and  at  the  same 
time  dewy  and  adapted  to  form  the  iris,  then  the  abore^mentioned 
objects  will  appear  only  at  the  surface  of  the  sea,  as  in  the  first  case, 
but  all  Yiridly  coloured  or  fringed  with  red,  green,  bine,  and  other 
prismatic  colours." 

The  author  therefore  distinguishes  three  sorts  of  Fata  Morgana : 
that  is  to  say,  the  first  at  the  surface  of  the  sea,  which  he  calls  the 
Marine  Morgana ;  the  second  in  the  air,  called  the  Aerial  Morgana : 
and  the  third  only  at  the  surface  of  the  sea,*  which  he  calb  the 
Morgana  fringed  with  prismatic  colours. 

In  a  note  in  this  chapter  P.  Minasi  enquires  into  the  etymology 
of  Morgana*  After  Tarious  remarks,  he  thinks  the  opinion  of 
those  who  deriye  this  word,  which  is  so  foreign  to  the  Roman  idiom, 
from  iMtpoa-  tristis  and  yxvouj  Istitia  afficio,  is  not  far  from  the 
trnth ;  considering  the  great  exaltation  and  joy  this  appearance 
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of  people,  whu  on  in  dm  cummcnc^m^nt 
,   L'sclaiuiiii;;  Morgana,  Morgana!    He   re. 


|iiuJuces  ill  all  ranks 

run  hastily  lu  llie  s<.-; 

mirki)  tlial  lie  has  himsfir  seen  t|ji?i  upi>caraiiL'i!   thrw  timfs,  nnd 

that  he  would  rather  Ijchold  (L  again  than  the  meal  luperb  theatrical 

rxhikition  in  the  world. 

la  the  *econd  chapter  the  author  describes  (he  city  or  lieggiu, 

aud  the  mrighbouriiig  coatl  of  Calabria  :  by  which  he  shews  that  all 

lb«  objects  which  ure  exhibited  in  the  fata  iMorgantt  are  derircd 

from  objects  oit  ihore. 

In  his  third  chapter,  consisting  at  physical  and  a<i(ronomicat  ob- 

scmliunj,   he  afTinns  that  the   sea  in  the  straits  of  Messina  has  the 

appmrance  uf  a  brgc  inclined  speculum  ;  that  in  the  alternate  cur- 
rent, or  tide,  which  ftows  and  returns  in  the  straits  Tor  bix  huurs  each 
way,  and  is  cuuslanliy  attended  by  an  opposite  current  along 
thore  lu  the  medium  distance  of  about  a  miU'  and  a  half,  there  are 
many  eddies  and  Irregularities  at  the  time  of  its  change  of  dirrc. 
Iluu  :  and  that  the  Morgana  usaallv  appears  at  this  period.  Whence 
hv  enters  iiilo  cunsidt  rut  ions  of  the  relatire  situations  of  the  suu 
aud  moon,  which  are  necessary  to  att'ord  high  water  at  the  proper 
time  «fler  snn-ri>e,  as  before  described.  It  is  high  water,  that  i* 
to  say,  tite  northern  current  ceases,  at  full  and  change,  at  nine 
o'clock.  Tlinre  is  probably  a  small  rise  and  fall,  though  the  ao- 
Doiation  to  4  large  chart  before  me  afhrins  that  there  is  none. 

In  the  fourth  chapter  and  snb^eqaeni  part  of  the  work,  the  au. 
thor  collects  the  opinion  and  relation!  of  various  writers  on  thii 
■ubjecl;  namely,  Aagelueci,  Kirchrr,  Scotus,  and  others ;  and  ho 
afterwards  proceeds  to  account  for  the  eil'ects,  by  the  supposed  in. 
clinaiion  uf  the  snrfice  of  thi-  tea,  and  its  subdiriston  into  different 
plaint  by  the  contrary  eddies.  The  aerial  effecta  are  rererred  to 
considerations  of  saline  and  other  eflluTla  suspended  in  thcaJr; 
which  I  forbear  Co  abridge,  because  it  iii;ems  dilUcult  to  make  any 
clear  or  productire  stalement  cither  from  the  narratlteor  the 
reatuning. 

What  I  seem  lu  collect  upon  the  whole  from  the  sereral  re- 
lations, brought  into  one  point  is  as  follows:  1.  That  by  the 
■ituation  of  the  Faro  of  Messina,  the  current  from  the  south,  at 
the  expiration  of  which  this  phenomenon  is  most  likely  to  nppenr, 
it  so  far  impeded  by  the  figure  of  the  land,  (hat  a  considerable  por. 

I  of  the  water  retums  along  shore.     2.  Tbxt  it  u  probable  the 
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boattt  maj  hmw  m  tgaJeacy  to  modUj  tlie  lower  portioo  of 
the  air  in  a  sinular  muuiery  dwiig  the  toathero  breexe  ;  or,  in 
other  wordf,  that  a  aort  of  haioa  if  formed  bj  the  land,  ui  which 
the  lower  air  is  more  disposed  to  become  motioolpss  and  calm  tbaa 
elsewhere.  3.  That  the  Morgana  Marina  presents  inverted 
imager  bc'low  the  real  objects,  winch  are  multiplied  laterallj  as 
well  as  TerticalljT ;  and  timt  tliere  are  repetitions  of  the  mune  mnlti. 
plied  objects  at  more  considerable  Tertical  inter? als.  This  I  gather 
from  the  appearance  of  the  dome  and  otlier  objects  in  the  plate. 
4.  That  the  Aerial  Morgana  b  not  inrerted,  bat,  as  I  am  disposed 
to  coojeclare,  b  more  elevated  than  the  original  objects.  6.  That 
the  fringes  of  prismatic  colonrs  are  produced  in  falling  vapoan  ; 
sinular  to  many  appearances  which  hare  been  described  bj  anthoffS| 
bnt  not  accurately  explained  bj  the  general  principles  of  refraction 
through  spheres  of  water.  The  ship  b  referred  to  by  the  author  as 
an  object  surrounded  by  these  fringes  :  whence  it  appears  that  the 
colours  apply  to  the  direct  rays  from  objects,  as  well  ma  to  those  of 
the  Marine  Morgana.  6.  Various  other  objects  in  the  drawing,  at 
well  as  in  the  description,  afford  matter  for  question  and  conjec- 
tare,  but  none  perhaps  which  it  may  be  proper  to  enlarge  upon, 
until  the  theory  be  better  known.  7-  It  seems  at  all  events  more 
probable  that  these  appearances  are  produced  by  a  calm  sea,  and 
one  or  more  strata  of  superincumbent  air,  differing  in  refractive, 
and  constKiueBtly  reflective  power  ;  than  from  any  considerable 
change  in  the  surface  of  the  water,  with  the  laws  of  which  we  are 
much  better  acquainted  than  with  those  of  the  atmosphere.  8.  By 
attentive  reflection  upon  the  facts  and  reasonings  in  Mr.  Hnddarfs 
paper,  we  may  form  a  theory  to  account  for  the  erect  aad 
inverted  images :  the  polished  surface  of  the  sea  maj  perhaps  ac 
count  for  the  vertical  repetition ;  but  for  the  lateral  mnltiplication 
we  must  have  recourse  to  reflecting  or  refracting  planes  in  the  va« 
pour,  which  appear  nearly  as  difficult  to  deduce  or  establish,  as 
those  which  have  been  supposed  on  the  water. 

Swinburne  gives  the  following  account  of  this  singnlar  pheno- 
menon, which  we  quote  as  affording  a  stronger  proofof  the  correctness 
of  the  hypothesis  advanced  in  the  preceding  section.  Sometimes, 
bnt  rarely,  it  (the  Faro)  exhibits  a  very  curious  phenomenon,  vnU 


Rirly  called  Ln  F.its  Morijana*.  The  philosophical  rcailer  will 
find  iu  causes  and  operalion*  leiirnedlv  arcounted  for  in  Kirchor, 
MinasI,  am)  other  aiilhors.  I  shall  only  give  a  deacrijiTlon  of  its 
app^UMCt,  from  one  that  wnt  an  ejt-witopss.  Father  Angddccl 
is  the  fint  that  mentions  It  with  any  ilegrei;  of  accuracy,  In  the  fol- 
lowiti^  lerint: 

*'  On  thelSthof  Aogmt,  1645,  as  I  stood  at  my  windoti',  I 
wai  surprisfd  with  a  most  wonderful,  deiectablp  Tisioo.  The  sea 
thai  wnshn  the  Sicilian  shore  swelled  up,  and  became,  for  ten  milet 
In  length,  like  a  cliain  of  dark  mountains ;  while  the  wnterii  near 
our  Calabrian  coast  grew  quite  smooth,  and  in  an  in$taul  appeared 
a<  one  clear  polished  mirror,  reclining  against  the  nforesaid  ridge. 
On  this  glass  was  depicted,  in  chiara  >curo,  a  string  of  seTcral 
thousands  of  pilasters,  all  equal  in  altitude,  distance,  and  degree  of 
tight  and  shade.  In  a  moment  ihey  lost  half  their  height,  and  bent 
into  arcades,  like  Roman  aqueducts.  A  long  cornice  was  next 
farmed  on  the  top,  and  above  it  ruse  csEtles  innumerable,  all  per- 
fectly alike.  These  soon  split  into  towcrg,  which  were  shortly 
afler  tust  in  colonnades,  then  uindowg,  and  at  last  ended  In  pines, 
cypresses,  and  other  trees,  even  f nd  ilfillar.  Thii  was  the  Paia 
Mori;an8,  which,  for  twenty.six  jears,  I  hai^thought  a  mere  fable." 

To  produce  this  pleasing  deception,  many  circumstances  must 
concur,  which  are  not  known  to  eiist  in  any  other  situation.  Tha 
spectator  must  stand  with  his  back  to  the  eiul,  in  some  elerated 
place  behind  the  city,  that  he  may  command  a  view  of  the  whole 
bay  ;  bvyood  which  the  mountains  of  Messina  rise  lite  a  wall,  and 
darken  the  back.grountT  of  the  picture.  1'he  winds  must  be 
bashed,  the  surface  quite  smoothed,  the  tide  at  Its  height,  and  the 
waters  pressed  up  by  currents  to  great  elevBlion  in  the  middle  of 
the  channel.  All  these  etents  cniucidhig,  as  soon  as  the  sun  sur. 
mounts  the  eastern  hills  behind  Reggio,  and  rises  high  enough  to 
form  an  angle  of  forty. five  deijreeg  on  the  water  before  the  city, — 
eVery  object  exinltng  or  muring  at  Reggio  will  be  repeated  a  thou- 
laad.fold  upon  this  marine  looking  gla^s ;  which,  by  id  tremulous 
motion,  is,  as  it  were,  cut  into  facets.     Each  imaee  will  pass  ra. 

■  Hk  Mtne  it  ytnbMj  drritcd  fraiif  an  opUhin,  (hat  thr  vholr  t|irciiicle 
i>  tiroduced  by  a  duty,  or  a  iiw(ician.     Tbc  itopaUre  ar*  drlinhtcJ  nlKReTtr 
ibc  vitiuD  appfart,  and   run  nboul  Uie  •deeli  ihoitinc  for  Joj,— (sllldt  ercrjr 
bodj  01)1  In  parlake  nf  the  (lotloui  lighl. 
Tfflp.  IT.  4  t 
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pidly  off  in  succesaion,  as  the  day  adTancea,  and  tiw  ttrttM 
down  (he  wa*e  on  which  it  appeared. 

Thus  the  parts  of  this  moiing  picture  will  Tant&h  iu  the 
ling  of  an  eye.  Sometimes  the  air  is  at  that  tim 
wilh  vapours,  and  nndislorbed  bj  winds,  as  to  reflect  olrjectiits 
kind  of  aerial  screen,  rising  about  thirty  feel  above  the  letd  of  lb 
sea.  in  cloudy,  heavy  weather,  tbey  are  drawa  on  like  Hrfaaif 
the  water,  bordered  wilh  fine  prismaltcal  colours. 

[JVicAo^ton'f  Journ,  4lo.  vol.  it,  Suinb»r*t, 

SECTION  III. 

Singular  Initance  of  altnotphericat  Refraction^    bif  akitk  (ir 
Coait  of  Picartli/i  ttith   Us  more  prominent  ObJetU^ 
brought  apparently  close  to  that  of  Uattings. 
B;  Witliain  L.i)bam,  Esq.  F.R.S.  and  kS. 

JuLT  36,  aboDt  Ave  o'clock  in  the  arternooot  whiitt  billing  it 
my  dining.room  al  this  place,'  Hastings,  which  is  situated 
Parade,  close  to  the  sea  shore,  nearly  fronting  the  south,  my 
tron  was  excited  by  a  greal  number  of  people  runoing  down 
aea  side.     On  inquiring  (he  reason,  I  waa  informed  that  tbi 
of  France  was  plainly  to  be  distinguished  with  Ibe  naked  eye.    I 
immediately  went  down  to  the  shore,  and  was  surprised  to  6ai 
that,  even  without  (he  asstslance  of  a  leleicope,  1  could  Tery 
i>ee  the  cliSs  on  the  opposite  coasl ;  which,  at  the  D«srest  put,  M| 
between  forty  and  fifty  miles  distant,  and  are  tiol  to  Im  diicafiii^ 
from  that  low  siluation,  by  the  aid  of  the  best  gUu«i.     Tlwy  i 
peired  to  be  only  a  few  miles  off,  and  seamed  to  extend  far  M 
leagues  along  the  coast.     I  pursued  my  walk  along  tW  Aon 
the  eastward,  close  to  the  water's  edge,  conrersing  wltb  thcalli 
and  Dshermen  on  the  subject.    At  fint  (hey  could  not  be  peiMnd 
of  the  reality  of  the  appearance  ;  but  they  soon  becwaa  M  Ik^ 
roughly  convioced,  by  the  cliffs  gradually  appearing  more  elevalt^ 
and  approaching  nearer,  as  it  were,  (hat  (hey  pointed  oot,  oi 
named  to  me,  the  dill'erent  places  they  had  been  accustomed  H 
visit;  soch  as,  the  Bay,   (he  Old  Head  or  Man,    (ha  Windmi^ 
&c.  at  Boulogne ;  St.  Vallery,  and  other  places   on  the  coast  rf 
Ficardy  ;  which  they  afterwards  confirmed,  when  they  riewed  O^ 
through  their  tvl^opes.    Their  obserTationi  were,  that  Om  piMV 
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Appeared  is  near  u  if  they  were  s&iling,  at  a  imall  tlistaoce,  Into 
the  harboun. 

Harlng  iodulgeil  mj'  curiosity  on  lUv  shore  for  ni?ar  an  hour, 
dirring  which  (he  clifla  apiifannl  lu  he  at  some  limes  more  bright 
and  near,  at  others  more  faint  and  at  a  greater  distance,  but  never 
out  of  sight,  I  went  on  the  eastern  ctiff  or  hill,  which  i»  of  a  very 
cousiderable  height,  when  a  most  beiutiful  scene  presented  itclf  ta 
my  view  ;  for  I  could  at  once  see  Dengeness,  Dover  cliffy,  and  the 
FrenrhcoastjBli  alungfrom  Calais,  Iloulogne,  Sic.  lu  St.  Vallerj- ; 
and,  as  some  of  Ihe  fishermen  affirmed,  at  far  to  ihe  we^lwa^d  eren 
as  Dieppe.  By  the  telescope,  the  French  fiihing.boaU  «  ere  plainly 
to  be  seen  at  anchor  ;  and  ihe  different  colours  of  the  land  uti  Uie 
heights,  with  the  bnildings,  were  perfectly  discernible.  This  cu- 
rious phenomeoon  continued  in  the  bti;hest  splendour  till  past  ei|;ht 
o'clocit,  tboagh  a  black  cloud  totally  obscured  the  face  of  the  sna 
for  some  time,  when  it  gradually  vanished,  I  was  assured,  fiom 
every  inquiry  I  could  make,  that  so  remarkable  an  instance  of  at- 
inospherical  refraction  had  never  been  witnessed  by  Ihe  oldest 
inhabitant  of  Hastings,  nor  by  any  of  the  numerous  viiitori  com* 
to  the  great  annual  fair.  The  day  was  extremely  hot.  I  had  00 
barometer  with  me,  but  suppose  the  mercury  must  have  been  high, 
lU  that  and  the  three  preceding  days  were  remarkably  fine  and 
cleAr.  To  the  best  of  my  recollection,  it  was  high  water  at 
Hastings  about  two  o'clock  P.  M.  "Not  a  brenth  of  wind  was  stir- 
ring the  whole  of  (he  day  ;  but  ihe  small  peunoas  at  the  mastheads 
of  the  fishing.boats  in  the  harbour  were  in  the  morning  al  all  points 
of  the  compass.  I  was,  a  few  days  afierwards,ai  Winchelsea,  and 
at  several  places  aloog  the  coast,  where  I  was  informed  the  above 
phenomenon  had  been  equally  visible.  When  I  was  on  the  eastern 
hill,  the  cape  of  land  called  Dengeness,  which  extends  nearly  (wo 
miles  into  the  sea,  and  is  about  sixteen  miles  distant  from  Hastingt, 
ID  a  right  line,  appeared  as  if  quite  close  to  it ;  as  did  the  fishing, 
boats  and  other  vessels,  which  were  sailing  between  the  two  jilacei ; 
(hey  were  likewise  magnified  to  a  great  degree  '. 

[Phil.  Tram.  I7B8. 

■  Id  (hl>  cue,  ■>  in  tkal  of  the  itnFH  betwrrii  Ainapdria  uid  Cairo, 
ndrerled  lo  in  section  i.  ihe  relraclWe  power  of  the  atmiiiphcrc  wu  proba 
M;  prodocni  h)  n  diminalion  of  fbr  dcaiiivof  >■*  lower  itral 
leqtwnce  of  [he  ivcrratr  of  bral  rooiaisnimrd  la  ll  by  ibc  n 
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SBCTION  !▼. 

Om  Rgfrmciiama  mmd  double  Refractiom  in  ike  Aimotpktre. 

Wk  liaTe  endctt^oored,  hi  tlie  first  section,  io  present  the  reidet 
wkli  a  dear  ootliae  of  the  chief  principles  upon  which  the  atmo. 
spherical  deceptions  we  have  thos  far  noticed  are  founded.  TbeR 
is,  howerer,  another  caose  which  has  of  late  years  been  broagkl 
forward  as  of  the  otmost  importance  in  their  prodaction ;  and  par- 
ticnlarlj  in  the  production  of  that  double  refraction  which  is  tk 
principal  source  of  mnltipHed  rainbows,  parheUons,  and  parasdi- 
nitea,  or  mock-suns  and  mock-rooons,  glories,  and  the  singahr 
refracting  power  of  the  Iceland  crystal.  This  cause  is  the  tea- 
dencj  of  plates  or  strata  of  different  thickness  both  to  vary  tiie  n» 
fraction,  and  io  alter  the  intensity  or  the  order  of  the  colours.  la 
the  Philosophical  Transactions  we  mef  t  with  two  excellent  artidei 
upon  this  subject :  one  by  Mr.  Hnddart,  and  the  other  by  Dr.  WoU 
htfton,  but  of  too  abstruse  a  character  for  introduction  into  the  pie^ 
aent  work.    We  shall,  however,  in  order  to  render  the  subject  more 

^•vcrlWlT  re Bectc^  flroai  tke  tarfiKC  of  tlw  cartii.    In  aaother  article  ia  At 

mmt  rul— t  mt  Ike  Phi  loMfpMcAl  Tteii«ictioM»  IVoifeff  Vaace  afcafnii,  tktf 

kc  rrirhcd  a  tintlar  apparent  approxiauUioo  of  tjie  Freocb  coast  to  Ikaiof 

ItMHcate,  ia  tke  iomner  of  1798.    /*  Of  two  ihipt,"  says  be,  *<  wkicli  in  4i^ 

frreot  parts  wrrr  rqaally  sank  below  the  horiioo,  tke  Inverted  image  of  wc 

woald  bat  jast  bcgia  to  appear,  wkilc  tkat  of  tke  otker  woold  repreieat  acvij 

tke  wkole  of  tke  skip.    Bat  tkis  1  dbtenred  in  general,  tkat  at  tke  Aip  gm- 

anaUj  deweaded  kelaw  tke  kofflsoa,  aioffe  of  tke  iaage  fruidaaQy  appwei, 

aad  it  atceaded  i  aai  tke  conttary  wken  tke  skipt  were  ascendingi    Qa  (k 

korisoD,  ia  different  part*,  oat  skip  woald  kave  a  complete  inverted  iangc; 

anolker  woold  have  ooly  a  partial  Image  \  and  a  tkird  woald  kave  bo  image  at 

all.    Tke  images  were  in  genera]  extreaielj  well  defined ;  and  fteqaeatly  ap* 

peered  as  clear  and  ikarp  at  tke  skipt  tkemtetvct*  aad  af  Ike  nnie  nMigaHaJt. 

Of  tke  skipt  oa  tkis  side  of  tke  koriaoa,  ao  pkmn war aa  of  tkit  kind  appcaial 

Tkoe  was  ao  fog  on  oor  coast ;  and  tke  skipt  in  tke  Downs,  aad  tke  Sontk 

Foreland,  cTkibitcd  no  ancoiunion  appearances.     Tke  nsoal  refiactioa  alike 

same  time  was  nncommonly  great ;  for  tke  tide  was  kigk,  and  at  tke  very  tdge 

of  the  water  I  coaM  see  tke  cliffs  at  Calais  a  very  contidemble  keight  above  tke 

iNMixoa  I  whereas  tkey  are  frequently  aot  to  ke  taca  ia  clear  wcnikcr  from 

tke  kigk  kuids  aboot  tke  place.    Tke  French  coast  also  appeared,  botk  w^ 

Io  a  BMKk  greater  distance  than  I  ever  observed  it  at  any  other  tiane,  partica- 

Inriy  towards  tke  east,  oa  whick  part  a^  tka  aamail  rafinactioi^  was  tka 
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■siljr  comprthfUMblo,  take  leaTe  prior  to  our  giving  a  few 
pies  of  tlirse  singular  pha^iioiDena,  to  copy  Dr.  Young's  very  neat 
abridgment  of  Ilie  tast  paper,  and  lo  introduce  it  with  a  few  valuable 
obsfrralions  of  his  own. 

Tlie  almoiiplii'rical  phKnomcna,  says  be,  of  rainbowE  and  lialoi 
pr^ent  «»  with  examples  of  IIip  aportaneous  separaliofi  of  colojrs 
by  refraclion.  The  rainbow  is  universally  alttibuletl  lo  the  refrac. 
tion  and  rtfl^tion  of  tb«  sun's  rays,  in  the  minute  drops  of  falling 
rain  ur  dew  ;  and  the  hatos,  usaally  appearing  ia  frosty  alina. 
spheres,  nre  in  all  probability  produced  by  (he  refraction  of  sioail 
triangular  or  hexagonal  crystals  of  snow.  It  is  only  necejsary,  for 
the  formation  of  a  rainbow,  that  the  sun  should  shine  on  a  dense 
cloud,  or  a  shower  of  rain,  in  a  proper  situation ;  or  even  on  a 
nniDber  of  tninule  drops  of  water,  scattered  by  a  brush  or  by  a 
syringe,  so  that  the  light  may  reach  the  eye  after  haiing  undergone  a 
certain  angular  deviation,  by  neane  of  vaiious  refractions  and  rellec. 
tiooi;  and  the  drops  so  Bitasted  must  necessarily  l>e  found  somewhere 
in  a  conical  surface,  of  which  the  eye  is  the  vertex,  and  must  present 
the  appearance  of  an  arch.  The  light,  which  is  reflected  by  the  ex- 
ternal surface  of  a  sphere,  is  scattered  almost  equally  inall  directions, 
setting  aside  the  difference  arising  from  tbe  greater  efficacy  of  ob- 
lique reflection  ;  but  when  it  first  enters  the  drop,  and  is  there  re. 
fleeted  by  its  posterior  surface,  its  deviation  never  exceeds  m 
cerlain  ftngle,  which  depends  on  the  degree  of  refrangibilily,  and 
is,  therefore,  different  for  light  ofdiflerent  colours:  and  the  density 
of  tha  light  being  the  greatest  at  the  angle  of  greatest  deviation, 
tbe  appearance  of  a  luminous  arch  is  produced  by  the  rays  of  each 
colour  at  its  appropriate  distance.  The  rays  which  never  enter  the 
drops  produce  no  other  effect,  than  to  cause  a  brightness,  or  hazi. 
ness  round  the  sun,  where  the  reflection  is  the  most  oblique  ;  those 
which  are  once  reflected  wiihin  the  drop  cshibit  the  common  inter, 
oal  or  primary  rainbow,  at  the  distance  of  about  forty-one  degrees 
from  the  point  opposite  to  the  sun  ;  those  which  are  twice  reSected, 
(he  external  or  secondary  rainbow,  of  fiftj-two  degrees;  and  If 
the  effect  of  the  light,  three  times  reflected,  were  sufficiently 
powerful,  it  would  appear  at  the  distance  of  aljout  forty-two  de. 
grees  from  the  sun.  Tbe  colours  of  both  rainbows  encroach  consi. 
derably  od  eachoth«r  ;  for  esch  point  of  the  sun  may  be  considered 

its 
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u  alTording  a  distiuct  arrh  »f  each  colour,  anJ  lh<^  whole  dbk  tf 
pruduL-ing  an  arch  about  half  a  ilrgree  in  bieaillli  for  each  kind  of 
light;  50  that  the  arrangement  nearly  resrinblrs  thai  of  the  conk 
inon  niixeH  s|>ccIrQra.  Ther(>  is,  howevi-r,  anotSer  cante  of  ■ 
furlher  mixture  of  colours  :  the  arch  uf  any  singlo  coluur.  whidl 
beloD^s  to  any  point  of  the  aun,  ia  accurati-ly  defttied  uti  obv  (uk 
only,  while  on  the  other  it  becomes  gmdually  fainter,  the  br^adlk 
I  af  the  first  minute  containing  about  fire  times  as  uiacb  light  <u  • 
minute  at  the  distance  of  ■  quarter  ofa  degree  ;  the  abrupt  tt-rmi. 
nation  is  on  the  side  of  the  red,  that  is,  without  the  inntrr  bu«,aiid 
witbin  the  outer;  so  that,  for  this  reason,  the  order  ofcotoan  par- 
takes, in  iiume  dei;ree,  of  (he  nature  of  the  red  lerminDtion  of  a 
Aroad  beam  of  tight  seen  through  a  prism  ;  but  it  is  more  or  Itm 
■ffecleil  by  this  cause,  oo  account  of  some  circum stances,  nliicii  mil 
be  explAined  nheo  we  examine  the  aupertiumerary  rainbows,  which 
■otnetimes  accompany  the  bows  more  commonly  obiened.  A 
lunar  rainbow  is  much  more  rnrely  seen  than  a  soUr  one,  bot  iti 
colours  diflcr  little,  except  ia  intensity,  from  those  of  the  cominoK 
rainbow. 

In  the  highest  northern  latiludei,  where  the  air  ia  commonly 

'  hMded  with  frozen   particles,  the  sun  aod  moon  usually  appMi 

■urrouniled  by  halos,  or  coloured  circles,  at  thv  diatanc^i  of  aboit 

twenty-two  and  forty.six  degrees  from  their  centres;   this  ap> 

prarance  is  also  rrefjuently  observed  In  other  rlimates,  especially  it 

the  colder  months,  and  in  Ihclight  clouds  whicli  float  in  the  highest 

regions  of  the  air.     The  halos  are  usually  attended  by  a  horiioDlil 

white  circle,  with  brighter  spots,  or  parhelia,  near  their  intrrsec- 

ttons  with  this  circle,  and  with  portions  of  inrerted  arches  of  ra. 

[  rious  carratures ;  the  Iiurizonlal  circle  has  also  sometimes  antbelia, 

>r  bright  spots,  nearly  opposite  to  the  sun.  These  phsnomena  haf* 

f  Siaally  been  attributed  to  the  etTect  of  spherical  particles  of  hail, 

L  each  having  a  centra)   opaque  portion   of  a  certain   magnitude) 

t  ailxed  with  oblong  parlicles,  ofa  determinate  form,  and  floating 

I  with  a  certain  constant  obliquity  to  the  horizon.     But  all  Ihesa 

I  irbilrBry  su|i|iosilion!,   which  were  imagined   by  Huygens,   are  ia 

I  IfcemseNes  extremely  complicated  and  improbable,  and  are  wholly 

tinauthorised  by  observation.    A  much  simpler,  and  more  natunl, 

aa  well  as  more  accurate  explanation,  which  was  suggested  at  an 

earlier  period  by  Mariulte,  had  lung  been  wholly  forgotten,  nntil 
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Ac  HBe  Um  ocCTfTTd  to  w*,  witboat  n^  prtfJOM  faMvMft  tt 
mkat  Mir>Ml«  feMl  lioM.  Tke  ntaral  Icorfco^  cf  vMer  la  erjrm. 
UUnc,  u  fnctiag,  u  as  angk  of  tiit;  degnn.  b  mAcWvU; 
wttfcliihiii,  ••  aDow  n  lo  miwi  ihb  m  th«  camitMM  angle  of  Ute 
tliwfBify  cfjitali  of  maw,  wUch  an  proli^j  dtWr  triangolar 
or  WxagoMal  priiKi:  tbc  deviaiMM  pcwlaocd  by  nch  a  jfrim  dii«ri 
Tcrj  little  fraia  the  DbHrred  magic  at  which  thr  fint  cfrde  is  ma. 
altj  Mea ;  aid  all  the  principal  jAeoMaeiiA,  which  atteud  (hb 
cirele,  HMf  be  explainnl,  by  sappoiiag  the  axis  of  the  crystalt  to 
MnM«  a  vertical  «r  a  boriionlBl  potilioa,  in  comMjnence  of  the 
apmdioa  of  grart^  :  ihu*  the  parhelia,  which  are  tometimei  a 
Ctlk  MM*  dtHaDl  from  ihe  hd  than  the  halo,  are  attributed  by 
Jriariotte  to  the  refntclion  of  the  prUmf  which  arv  litnated  rertj- 
cally,  and  prodace  a  greater  deriatioo,  on  aecoiiDl  of  the  obliqaily 
of  Ihe  rajn  of  light  with  retpect  to  their  axil.  The  horiionral 
circle  aiay  be  dedoced  from  (be  reflectioo,  or  even  Ihe  repeated  re. 
fnctioiu,  of  Ihe  vertical  facets  ;  the  anthelia  from  two  refracltoni 
with  an  iniFrmediate  reflectiou,  and  the  inverted  arch  from  (be 
increase  of  the  deriation,  Id  the  light  passing  obliquely,  through 
prisms  lying  in  a  borizontal  position,  Tbe  external  circle  may  be 
attributed  either  to  two  successive  refractiooj  through  different 
prisDU  ;  or  with  greater  probability,  as  Mr,  Caieodish  has  sng. 
gested  lo  me,  to  tbe  eSect  of  the  reclangnlar  termiDatiODS  of  Ihe 
single  crysUli.  The  appearance  of  colonn,  in  haio«,  is  nearly  (he 
same  as  in  rainbowi,  bat  le«5  distinct  ;  the  red  b<^ing  nearest  lo 
the  luminary,   and   the  whole  halo   being  externally  very  ill  de. 

From  the  observed  mignitade  of  these  halos,  I  had  concluded 
that  tbe  refractive  power  of  ice  must  be  tnaterialty  less  than  that  of 
water,  although  some  authors  had  asserted  that  it  was  greater  :  and 
Dr.  Woltaston  afterwards  fully  confirmed  thii  couclusion,  by  meaus 
of  the  very  accurate  iuslrament  which  lia«  already  been  described  ; 
his  measurement  agreeing  precisely  with  Ihe  mean  of  tbe  best  ob. 
serrations  oq  these  halos,  so  (bat  ice  mait  be  considered  as  Ihe 
least  refractive  of  any  known  subslaoces  not  aeriform. 

Sometimes  the  figures  of  halos  and  parhelia  are  ao  extremely 
complicated,  as  (o  defy  all  attempts  to  account  for  the  formation  of 
their  ditfereot  parts  ;  but  if  we  examine  the  representations  which 
have  been  given,  by  various  authors,  of  the  multiplicity  of  capri. 
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doui  fonss  freqacnCljr  asHimed  by  the  flakes  of  uuow^  we  shall  see 
no  reason  to  think  them  iotdeqoate  to  the  prodaclioo  of  all  theM 
appearaoces. 

iVoung  Nmi.  Phii.  Vol.  /, 

It  ii  in  his  second  Tolnme  that  Dr.  Young  has  faToored  as  with 
hb  abstract  of  Dr.  WolUston*s  obsenratious  on  the  quantity  of  bo. 
rizontal  refraction,  which  is  as  follows. 

Dr.  WoUaston  notices  Mr.  Mongers  Measoir  on  the  Mi  rage, 
obsenred  in  Egypt,  as  containing  facts  which  fully  agree  with  his 
own  theory  foraierly  published*  From  his  obserratioos  on  the 
degree  of  refraction  produced  by  the  air  near  the  surface  of  the 
Thames,  it  appears  that  the  Tariations  derived  from  changes  eC 
temperature  and  moisture  in  the  atmosphere,  are  by  no  means  cal- 
culable ;  but  that  a  practical  correctioa  may  be  obtained,  which, 
for  nautical  uses,  may  supersede  the  necessity  of  such  a  calcolatioa. 
Dr.  Wollaston  first  obserred  an  image  of  an  oar  at  a  distance  ef 
about  a  mile,  which  was  oTidently  caused  by  refvactioii,  and  when 
he  placed  his  eye  near  the  water,  the  lower  pari  of  distant  ol^ts 
was  hidden,  as  if  by  a  curvature  of  the  surface.  This  was  at  a 
time  when  a  continuation  of  hot  weather  had  been  succeeded  by  a 
colder  day,  and  the  water  was  sensibly  warmer  than  the  atmo» 
sphere  above  it*  He  afterwards  procured  a  telescope,  with  a  plaae 
speculum  placed  obliquely  before  its  object  gla^,  and  provided 
with  a  micrometer,  for  measuring  the  angular  depression  of  the 
image  of  a  distant  oar,  or  other  oblique  object ;  this  was  some, 
times  greater  when  the  object  glass  was  within  an  inch  or  two  of 
the  water,  and  sometimes  when  at  the  height  of  a  foot  or  two.  The 
greatest  angle  observed  was  somewhat  more  than  nine  minutes, 
when  the  air  was  at  60",  and  the  water  at  63*" ;  in  general  the  dry- 
ness of  the  air  lessened  the  effect,  probably,  by  prodiicing  evape. 
ration,  but  sometimes  the  refraction  was  oonstderabfo,  notwith- 
standing the  air  was  dry*  Dr.  WoUaston  has  observed  but  one 
Instance  which  appeared  to  encourage  the  idea,  that  the  solution 
of  water  in  the  atasosphere  may  diminish  its  refractive  power. 

In  order  to  correct  the  error,  to  whieh  nantical  obaermlioiia  amy 
be  liable,  from  the  depression  of  the  apparent  horiaon,  in  coose* 
queoce  of  such  a  refraction,  or  from  its  etevation  in  oontraiy  Wm. 
cumstances ;  and  at  the  same  time  to  make  a  proper  oonootioa  for 
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thrdip,  Or.WoUaston  recomiDriiili  Iba  Uie  whole  itrrlic^l  angl* 
ljpl<M-«n  two  oppoiite  puinli  nf  lh«  horizon,  be  mpat'Ureil  by  the 
liack  ob^ervnlioii,  filhir  before  »r  advt  ukhig  »n  altiludi 
(hat  half  il!i  i^xom  above  1R0°  be  Ukrii  for  tbe  dip:  ur  if  there  be 
■uj' iJuubl  resptrcling  the  Bdjustmrjit  of  ihe  iiiUtumeDt,  that  it  be 
be  merieit,  so  as  lo  measure  the  angle  Mow  tlie  boriion,  and 
that  wuHfourlh  of  the  difTerence  of  the  two  angles,  thus  delermiaed, 
be  taken  as  cxtrtmily  near  to  the  true  ilip.  It  is  iiidi  cd  possible, 
(hat  <be  rerrartiuii  may  be  soDie^that  diffiriul  at  ilitTercnl  parts  of 
the  surface;  but  Dr.  Wullasion  is  uf  opinion  thnt  Ibis  can  rarely 
h>ppeD,  except  in  the  neighbourhood  uf  land, 

[W.  yot.  II.  Journ.Ro^al  liulil. 

tECTION    V. 

Parhelia,  or  Mock  Sum,  seen  at  Dunlzk. 
B}  M.  Itcvclius. 
On  February  5,  1074,  N.S.  near  Marienbnrg  in  Prnssia,  I 
■aw  the  sun,  in  a  tky  eTery  where  serene  enongb,  being  yet  some 
degrcea  aboTe  the  horizon,  and  shining  rery  bright,  yet  lancing 
out  very  long  and  reddish  rays,  40  or  50  degrees  totcards  tb« 
zenith.  Under  Ihe  sun  towards  the  horizon,  there  hung  a  some, 
what  dilate  stnall  cloud,  beneath  which  there  appeared  a  nock 
sun  of  the  ^ame  Mze,  to  sense,  nith  the  true  sun  ;  and  under  (he 
same  Tertical,  of  a  somewhat  red  colour.  Soon  after,  the  true  sun 
more  and  more  descending  to  (he  horiioa,  towards  the  said  cloud, 
(he  spurious  sun  beneath  it  grew  clearer  and  clearT,  so  ai  Ibat 
the  reddish  colour  in  that  apparent  sular  di^k  rjnislied,  and  put 
on  the  genuine  i>alar  light ;  and  that  (he  more,  the  less  (he  genuine 
disk  of  the  sun  was  distant  from  the  false  sun  :  till  at  length  the 
nj  per  true  sun  passed  [ulo  the  lower  counterfeit  one,  and  su  re* 
mained  alone. 

This  a{))>eBrance  being  unusual,  1  took  the  freedom  of  iiDpart> 
ing  it  unto  you,  especially  since  heve  the  mock  san  was  not  found 
at  the  side  uf  llie  (rue  sun,  as  t(  is  wont  tu  be  in  all  parhelia 
seen  by  me,  but  perpendicularly  under  it;  not  lo  mention  Iho 
colour,  so  dilierent  from  that  which  is  usual  in  mock  suns;  nor 
tbe  great  length  of  Ihe  tail,  cast  up  by  (lie  ^euuine  sun,  and  of  a 
-    far  iBors  livid   and  splendid  lighl,  than  parhelia   uit-  lo  exhibit. 
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Upon  this  appearance  there  soon  followed  here  an  ezceedinglj  ia. 
tense  and  bitter  frost,  whereby  the  whole  baj  was  frosen  np  from 
thb  town  of  Dantzic,  as  far  as  Ilela  in  the  Baltic  sea,  which  lasted 
till  the  25th  of  March ;  and  the  bay  was  frozen  so  hmrd,  that  with 
gr^at  safety  people  run  out  into  it  with  sleds  and  horses,  for  se. 
Teral  of  onr  miles. 

IPhil.  Trans.  1«74. 

SECTION  YI. 

TyramidtU  Appearance  in  the  Heavens^  observed  near  Up> 

minster^  Essex, 

By  the  Re?.  William  Deriuun. 


On  the  afternoon  of  Thursday,  April  3,  1707, 1  perceired  in  tbe 
west,  a  quarter  of  an  hour  before  sun  set,  a  long  slender  pyramidal 
appearance,  perpendicular  to  the  horizon.  The  base  of  this  py. 
ramid  I  judged  to  be  the  sun,  then  below  the  horizon,  lis  apez 
reached  fifteen  or  twenty  degrees  abo? e  the  horizon.  It  was  through. 
ant  of  a  rusty  red  colour  ;  and  was,  when  I  first  saw  it,  pretty 
Tirid  and  strong ;  but  the  top  part  much  fiiinter  than  the  bottom, 
nearer  the  horizon.  At  what  time  this  appearance  began,  whether 
at,  or  how  soon  after  sun.set,  I  cannot  say,  being  at  that  time  in 
a  friend's  house.  But  after  a  while,  it  grew  by  degrees  weaker 
and  weaker,  so  that  in  about  a  quarter  of  an  hour  after  I  first  saw 
it,  the  top  part  (A,  L,  C,)  was  scarcely  Tisible.  But  the  lower 
part  remained  ti?id  much  longer,  but  yet  grew  by  degrees  shorter 
and  shorter.  I  saw  the  remains  of  the  lower  half  (F,  F,)  a  full 
hour  after  sun-set;  and  should  perhaps  hare  seen  it  longer, 
had  the  horizon  been  open,  instead  of  which  it  was  often  m 
my  walk  obstructed  by  trees.     The  whole  atmosphere  seemed 
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iMzy,  tod  fall  of  Tipoors.  especUIlj  lowmrds  ^tte  tnu^art,  Tkt 
moon  and  iCars  were  bearded  at  tint  time,  mod  racccedcd  witk 
a  halo  about  tbe  mooo  aftenrards.  Wkkb  dasposition  of  tbe  air 
was  probablj  the  caote  of  ^e  pliaaoMiaoa.  Bot  the  pjrraflud 
was  donbdess  imprinted  on  the  far  distant  Tapoors  of  the  atio 
sphere,  it  being  asanifestly  far  ol^  or  lajing  bejood  soaie  snail 
thin  doods  (C.  L,  C,  L,)  that  intercepted  it,  and  in  those  parti 
covered  and  hid  it.  I  do  not  remember  I  erer  saw  any  thing  like 
it^  except  th^*  white  pyramidal  glade,  which  Is  now  called  tha 
Borora  borealis.  And  it  being,  except  in  cokNir  and  length,  so 
like  that,  I  have  thoogfit  it  nay  perchance  in  some  measure  eon. 
dnoa  to  the  solotion  of  that  old  phenomenon,  the  anrora  borealis. 

[Id.  1707. 

SECTIOll  Til. 

Parhelia  ai  Sadhmry^  Suffolk. 
By  Mr.  Petto. 

August  M,  I698,  aboot  eight  oVIock  in  the  morning,  there 
was  seen  the  appearance  of  three  snns,  which  were  at  the  brightest 
then,  or  a  little  after.  About  half  an  hour  after  eight  I  saw  it, 
when  there  was  in  the  east  a  dark,  dui»ky,  watery  cloud ;  and  be- 
low it  towards  the  middle,  was  the  true  sun,  shining  with  such 
strong  beams,  that  persons  could  not  look  upon  it  |  on  each  side 
were  the  reflections,  with  the  true  sun  in  the  middle.  Elsewhere 
much  of  the  firmament  was  of  an  azure  light  blue  colour.  Tho 
circles  which  I  saw  were  not  of  rainbow  colours,  but  white ;  theru 
was  also  higher  in  the  firmament,  moreover  our  heads,  and  towards 
the  south,  at  the  same  time,  at  a  considerable  distance  from  the 
other,  the  form  of  a  half  moon ;  but  I  think  it  was  more  than 
double  the  size  of  a  half  moon,  with  the  horns  turned  upwards, 
and  within  of  a  fiery  red  colour,  and  more  like  a  rainbow  colour ; 
these  all  &ded  gradually,  after  having  continued  about  two  hours. 

\PkiL  Trans.  1699. 
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SECTION  VIII. 

Two  Mock  Sum  J  and  an  Arc  of  a  Rain^bowjnveried^  zsUh  • 

Haio. 

By  the  Rer.  William  Whisfon. 

About  ten  o'clock  in  the  morning,  on  Sunday  Oct*  S^  1721, 
beln^  at  Lyndon,  in  the  county  of  RntlaDd,  after  aurora  borealis  tbt 
night  before,  wind  W.S.W.  I  saw  an  attempt  towards  two  nodu 
toDi,  as  1  had  done  sometimes  formerly.  About  half  or  three 
quarters  of  an  hour  after,  I  found  the  appearance  complete  ;  whia 
two  plain  parhelia,  or  mock  suns,  appeared  tolerably  bright  and 
distinct;  and  that  in  the  usual  places,  viz.  in  the  two  intersectioiis 
of  a  strouj;  and  large  portion  of  a  halo,  with  an  imaginary  circle, 
parallel  to  the  horizon,  passing  through  the  true  sun.  This  circle 
I  call  imaginary,  because  it  was  not  itself  visible,  as  it  sometimes 
has  been  at  such  appearances.  Each  parhelion  had  its  tail  of  t 
white  colour,  and  in  direct  opposition  to  the  true  sun ;  that  to. 
wards  the  east  was  20  or  25^  long  ;  that  towards  the  west  about  tea 
or  twelve  degrees  ;  but  both  narrowest  at  the  remote  ends.  Tie 
mock-suns  were  evidently  red  towards  the  sun,  but  pale  or  whitish 
at  the  opposite  sides,  as  was  the  halo  also.  Looking  upward,  we 
saw  an  arc  of  a  curious  inverted  rainbow,  about  the  middle  of  the 
dbtance  between  the  top  of  the  halo  and  the  vertex.  This  arc  was 
as  distinct  in  its  colours  as  the  common  rainbow ;  and  of  the  same 
breadth.  The  red  colour  was  on  the  convex,  and  the  blue  on  the 
concave  of  the  arc  ;  which  seemed  to  be  about  OO*'  long  :  its  centre 
in  or  near  the  vertex.  On  the  top  of  the  halo  was  a  kind  of  in. 
Terted  bright  arc,  though  its  bend  was  not  plain.  The  lower  part 
of  the  halo  was  among  the  vapours  of  the  horizon,  and  not  visible. 
The  angles,  as  more  exactly  measured  on  Monday,  near  noon, 
when  the  same  appearance  returned  again,  but  more  faintly,  were 
as  follow:  the  sun^s  altitude  22 j-°;  perpendicular  semidiameter of 
the  halo  23 j  ;  distance  of  the  rainbow  from  the  top  of  the  halo 
HS^";  semidiameter  of  the  arc  of  the  rainbow,  if  our  vertex  he 
supposed  its  centre,  21  °.  The  phenomenon  lasted  each  day  for  an 
hour  and  a  half,  or  two  hours.  What  was  most  remarkable  on 
Monday  was,  that  the  wind,  i^hkh  on  Sunday  had  been  almost  lo. 
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Sfsstble,  was  now  become  sensible,  and  dunged  to  N.N.E.  tbat 
tbe  halo  was  sensibi j  become  oral ;  its  shorter  aiis  parallel  to  tbo 
borixoo  ;  and  tbe  two  moclusvns,  wluch  were  tben  b«t  just  ?isible« 
e^MciaUj  tlut  on  the  east,  were  not  in  the  halo,  bat  a  degree  or 
two  withoot  it,  which  I  ascribe  to  the  anasoal  shortness  of  the  ho. 
raoetil  tlfi^ntiT ;  wMcJipoMticMi  of  tha  ^ock^^^iOT  doet  not  «pp<ar 
to  kavo  1MB  hitlMffto  tikes  aoCice  oT  bj  m j»  tkov^  it  was  mw 
▼ety  liBiftii, 

Oeloker  M,  abo«l  mm  fai  the  noniiBgy  as  I  wis  cosing  im  the 
NMthaiMpAMi  coidi  liwirdb  Lmdoii,  the  hilo  rtCiraed  krger  nd 
dwrer  tiwi  befMi ;  lai  tka  two  seck<.iiiM  jut  ittfpted  an 


cm  Sndaj ;  bit  tka  lir   kyiig  thid^er  lad 

ridd» 


iMcker  lifviidi  rah^  I  nw  then  m  Bore.  fidd  lothiog  to  this 
Uemtdf  bwtoily^  tkit  Aigwt  30|  belbie^  I  saw  it  tka  saae  plifit, 
Hma«<»  1  wevifkiMe  hiloi  wheaeipper  pert  had  its  liftilsd  irc 

reddish  within,  and  pale  without,  but  brighter  and  more  viTid  than 
ever  I  saw  before*  That  we  had  there,  September  II,  in  the 
e?ening,  the  lightest  and  most  remarkable  aurora  borealis,  with  its 
unaccointable  motions  and  reroorals,  that  eTer  I  saw,  excepting 
that  original  one,  March  0,  1711 :  that  it  was  seen  in  Northamp. 
tonshire,  at  the  Bath,  and  elsewhere :  that  the  Tertex  of  the  co« 
lumns  which  shot  upwards,  was  not  oor  Tertex,  but  erident^j 
6fteen  or  twenty  degrees  distant  towards  the  south ;  and  that  the 
wind  was  in  Rutland  north,  as  f  observed  mjrself ;  at  the  Bath 
west ;  and  in  Northamptonshire  south ;  all  at  the  same  time,  which 
deserres  particular  reflection. 

[W.  J741. 
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f  13,   17G8,btlw*<^ii  ni 

ot'FTlookti]  some  law  mFailuw  ground.  Mr.  Co* 
chin  observed,  in  a  direction  op|iosite  (u  tlial  of  llie  auii,  which  thnnt 
Tery  bright,  and  in  a  mist  which  coTervd  (lie  said  incIosur« 
iinusaal  meteor,  which,  wilhout  attempting  to  name  it,  be  iIeM:nb« 
by  help  o(  the  iibuve  figure.  A(  aboat  the  distance  of  h*l[  I. 
mile,  aad  incurvaied  towarils  each  othi 
of  the  common  rainbow,  there  appeared  in  the  mist  two  plac«(  of  ■ 
peculiar  brighliieis,  as  reprcsmted  U  A.  A.  Tb^y  scented,  u  il 
common,  to  rust  on  the  gruund,  were  continued  as  high  a*  the 
mist,  and  in  breadth  near  half  at.  much  more  as  that  of  the  trti.  la 
Ili«  middle,  between  these  two  places,  on  the  snme  horizontal  liof, 
was  a  coloured  appearance  likedc  b,  a,  bed,  whose  base  coo  Id  nut 
at  mcMt  subtend  an  angle  of  abore  ten  or  twelve  deere 
whose  interior  parts  were  thus  viiriegaled.  The  centre  a  wii  dirlt 
and  irregularly  terminated,  as  if  made  by  the  thadow  of  tomt 
object  not  larger  than  an  ordiciary  sheaf  of  coro.  Next  tUt 
cenire  wasa  curred  space  bb.  of  a  yellowish  flame  cologr. 
this  succeeded  another  curved  space  of  nearly  the  same  dark 
cast  BS  the  centre,  seemingly  tinged  with  a  faint  blue  gr«en,  *>ul 
very  evenly  bounded  on  each  side.asatcc.  After  these  c 
the  terminating  ring,  which  was  coloured  very  much  in  the  i 
of  the  common  rainbow,  except  that  the  tints  were  not  quite  to 
Tivid  (ai  if  oninjf  to  the  effect  of  a  yellowish  tinge,  which  • 
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ioglj  entered  iuto  the  composition  of  all  the  colours)  nor  their 
boundaries  so  well  defined.  The  centre  of  the  image  appeared  to 
be  exactly  in  the  line  of  aspect,  as  it  is  called,  or  one  conceived  to 
be  drawn  from  the  snn  through  the  eye  of  the  spectator :  and  it 
nay  be  observed  from  the  figure,  that  these  cnr?e  spaces  were  not 
tegmenta  of  perfect  drdes,  bat  formed  like  the  ends  of  concentric 
•llipses^  whose  transrerse  axes  were  perpendicular  to  the  horiion. 

To  the  above  desc^ption  of  the  image  it  may  be  necessary  to  add 
the  followiag  particaUrs  which  attended  it«  The  mist  was  very 
^ick  near  the  surface  of  the  meadows,  though  rarer  upwards,  and 
chiefly,  if  not  solely,  on  the  side  of  the  hill  opposite  to  the  sun. 
The  place  where  Mr.  C.  stood  was  just  on  it^onfines ;  and  as  h« 
advanced  into  it,  the  object  became  gradually  fainter  and  fainter* 
As  the  sun  dispersed  the  vapour,  the  appearance  faded  propor. 
tionaUy;  and  about  half  an  hour  after  he  first  saw  it,  it  was 
scarcely  virible.  The  evening  before  was  wet ;  but  the  drops  on 
the  hedges  were  congealed  by  frost.  Where  the  sun  shone,  th« 
bushes  were  each  invested  with  a  mist,  as  if  owing  to  the  Tapours 
exhaled  from  them  by  the  sun's  warmth  ;  and,  on  a  nearer  inspec* 
don,  he  could  clearly  discern  the  little  humid  particles  which  occa. 
sioned  it,  and  which  were  floating  around  the  bushes  at  about  half 
an  inch  distance  from  each  other. 

lid.  1780. 


ToLhelKlart^-menlioned  particularsof  the  DiounlaiiionideMrri,! 
flholl  subjoin  the  plixnomcna  sevn  ihete,  as  9ubjf  c1»  equally  D«ritia| 
Ihecuriaiity  ofaralionai  leaAn.   At  first  we  were  gM«ilj-forpti»«i 
'with  two,  un  account  of  their  novelty  ;  but  frcqB«n(  obwrnfi— 
reti<lerL>d  them  familiar.      One  we  saw  in  Pambamarca,  en  era 
ascent  lliither;    it  wa$  a  Iriple  circular  iris.      At  break  of  Jij^  >kt 
nhole  mntinlnin  was  encompassed  witii  very  thick  cloudi,  «bii 
(he  rising  of  the  sun  disperseil  so  far  as  to  leave  onl^  tome  (apMit 
of  a  tenuity  not  cognizable  by  the  night:  on  the  opposite  iMe  B 
that  where  the  sun  rose, and  about  ten  toisea  distant  from  thepUM 
where  we  were  standing,  we  saw,  as  Id  n  looking-gla.M,  the  inagt 
ofeach  of  us,  the  head  hehig  as  it  were  the  centre  of  th«  three  tm 
centric  irises  :  (he  last  or  most  e\teriiil  colours  of  one  tonchrd  tl 
first  of  the  following;   and  at  some  distance  from  (hem  all,  «m 
fourth  arch  entirely  white.     These  were  pefj>^nc)icular  to  the  bfc 
rizon  ;  and  as  the  person   moTed,  the  phenomenon  moTcd  also  is  • 
the  same  disposition  and  order.     But  what  was  most    reButkahli) 
though  we  were  sis  or  seven  together,  every  one  saw  tbe  pbeooiar. 
non  with  regard  to  himself,  and  not  that  relating  to  otlien. 
diameter  of  the  arches  gradually  altered  with  the  ascent  of  thr  >n 
above  the  horizoD  ;  and  the  phenomenon   itself,  after  continqinjl 
long  lime,  iaiensihiy  vanishtd.     In  (he  beginning,   the  dtuwiM  of 
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the  iDwkrd  iris,  taken  from  iU  last  colour,  vm  aboat  fije  degrees 
uidmbalf;  and  tbat  of  the  white  arth,  vrhich  circainscribed  the 
'  otbeni,  not  less  thin  &iilj. seven  degrees.  At  the  bef(ioDin;  of  the 
phenomenon,  the  arches  seemed  of  sn  OTal  or  ullipliul  Eignre,  like 
the  diik  of  (he  sun,  and  afterwards  became  perfectly  circular. 
Each  of  thv  least  was  of  i  red  colour,  bordered  nilh  an  orange  ; 
and  the  last  followed  by  a  bright  yelloir,  nhich  degenerated  into  • 
■(raw  colour,  and  this  turned  io  a  green.  But,  in  all,  the  external 
colour  remained  red. 

On  the  mountains  we  also  had  frequently  the  pleosare  of  seeing 
arches  formed  by  the  light  of  the  moon,  pirticuUrly  one  on  (he 
4th  of  April,  1738,  abont  eight  at  night,  on  the  plain  of  Turu. 
bunbi.  But  (he  most  singular  was  one  seen  by  Don  George  Juan, 
on  the  mountain  of  Quinoa  loma,  on  the  22d  of  May,  1739,  at 
eight  at  night.  These  arches  were  entirely  white,  without  the 
mixture  of  any  other  colour,  and  formed  along  the  slope  or  side  of 
«  mountun.  That  whichDonGeorgeJuan  saw,  consisted  of  three 
srches,  toochinK  in  the  same  point :  the  diameter  of  the  inner  arch 
was  sixty  degrees,  and  the  breadth  of  the  white  mark,  or  deli- 
neation, took  up  a  space  of  five  degrees ;  lh«  two  othen  were,  in 
every  respect,  of  the  same  dimensions. 

The  atmosphere,  and  the  exhalations  from  the  soil,  seem  more 
adapted  than  in  any  other  pUce  for  kindling  the  vapours,  meteor* 
being  here  more  frequent,  and  often  very  large,  last  longer,  and 
are  nearer  the  earth,  than  (he  like  phxnomena  in  other  parts. 

\^Ulloa'»  forage  to  Soutk  AmerieOi  . 

SECTION  Jci. 

1    ^K.  Lunar  Rainboa  in  Derbythire. 

B>  Mr.  I(a)|ih  Tbomb;,  F.R  S. 

Thx  trlt  Innaris  being  so  rarely  seen,  that  Dr.  Plot  telli  m*  (bat 

tvwTti  learned  and  observing  men  never  saw  one  in  their  liies ; 

and  that  even  Aristotle  himself  observed  only  two  in  above  fifty 

years ;  the  ensuing  account,  which  1  had  from  a  gentleman  of  great 

veracity  and  ingenuity,  will  be  the  more  acceptable.     He  waa 

lately  in  Derbyshire,  where,  on  Christmas  last,  he  was  at  GlapweU 

Uall ;  and   walking  towards  Patterson  Green,  about  eight  i<i  (he 

evening,  he  observed  with  great  satisfaction  the  bow,  which   the 

moon  bad  fixed  in  the  clouds  :  she  had  then  passed  her  foil  about 
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Iwenty-fonr  boars ;  the  evening  bad  been  niinf ,  bat  Ow  do 
were  dbpened,  >nd  the  moon  shone  pretly  cleir.  The  ira ' 
more  remarkable  than  that  irhicb  Dr.  Plot  observed  at  Oifotd, 
S3d  of  NoTember,  1675  ;  that  being  only  of  a  wbite  colaor.bnl 
had  all  the  colours  of  the  Botar  iris,  exceedingly  beantifnl  and 
tiiict,  only  faint  in  comparison  of  those  «e  fe«  in  the  day  ;  at  ■ 
necessanly  be  the  ca^e,  both  from  IheditFerent  beam*  that  nm 
and  the  diipontion  of  the  meilium.  What  puzzled  him  the  m 
w^s  ihe  largeness  of  the  arc,  nhich  vras  aot  so  much  less  tbia  I 
of  the  SDO,  as  the  diiferent  diraeosionj  of  tbetr  bodte>,  gnil  d 
reiipecliTe  dislaiKes  from  the  earth  seem  to  require:  bol  ai  to 
entireness  and  beauty  nf  its  colour,  it  was  surprisifig.  It  cfl 
nued  aboat  ten  minutes,  before  the  interpositMn  of  a  clood  U 
deredhis  further  observation,  IPhil.  Trami.  1711. 

SECTION  XII. 

Dtscription  of  a  Glory  seen  on  Mount  Reattf  near  tie  FtU 

B%  -tnhci  HLiv^rth,  M.B.   F.R.S.  Ac. 


On  thi-  1  Jlh  of  February,  J  7M,   as  1  was  reluming  to  t.li«virr,   I 
niKlusctDding,  at  Rhcull,   tile  muuntain,    which   furms  (tke  v 
boundary  of  the  Vale  of  Clwyd,  I  obicrred  a  rure  and  cqiumI 
jihenomenon.     My  ingenious  friend  Mr,  Falconer  hsi  gift-ia,  ffM  J 
my  description,  an  exact  repre^entatioao  fit,  in  a  dmitini  «ln 
accompanies  this  paper. 

In  the  roadaboTc  me,  1  was  struck  wllb  the  i>eculiarappMt»Cf  I 
uf  a  Tery  while  shining  cloud,  that  lay  rrniarkaldy  rlui 
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pODod.  The  tun  was  nearly  setting,  but  shone  exirenttlj 
bright;  I  walked  up  to  (he  cload,  and  my  shadow  was  projected 
jatoit.  The  head  of  my  shadow  was  surrounded,  at  some  dti- 
tlDce,  by  •  circle  of  tatluui  colours,  whose  centre  appeared  to  be 
near  the  Htnaiton  -of  the  eye,  and  whose  circumfGrence  extended 
to  the  Bboalders.  This  circle  wis  complete,  except  what  the  sha. 
dow  of  my  body  inlerceptt'd.  It  exhibited  the  most  rWid  colours, 
red  being  ootLTuost :  as  far  ai  can  be  recollected,  all  the  colours 
appeared  in  the  same  order  and  proportion  that  the  rainltnw  pre- 
sents to  our  view.  It  resembled,  Tcry  exactly,  what  in  pictures  is 
termed  »glor^,  around  the  head ofour Saviour,  aodof  saiuls:  uot 
indeed  that  luminous  radiance,  which  is  painted  close  to  the  head, 
but  an  arch  of  concentric  colours,  which  is  placed  separate  end 
distinct  from  it.  A;  I  walked  forward,  this  glory  approached  or 
retired,  Just  a^  the  inequality  of  the  ground  shortened  or  length, 
ened  my  shadow.  The  cloud  being  sometimes  in  a  small  vulley 
below  me,  sometimes  on  the  same  level,  or  on  higher  ground,  tho 
variation  of  the  shadow  and  glory  became  extremely  striking  and 

To  add  to  the  beauty  of  the  scene,  there  appeared,  at  a  const* 
derable  distance,  to  the  riglil  and  left,  the  arches  of  a  white  shining 
how.  These  arches  wre  in  the  form  of,  and  broader  than  a  rnin. 
bow  ;  but  were  not  completely  jointd  into  a  semicircle  above,  on 
account  of  the  shallowness  of  the  cloud.  When  my  chaise  came 
up,  1  could  observe  no  peculiar  appearance  round  (he  shadows  of 
the  postillion,  horses,  or  chaise.  But  (he  postillion  was  alarmed, 
tu  on  uneommon  degree,  by  this  very  singular  apparition :  which, 
indeed,  might  excite  (error,  or  delight,  in  the  beholder,  according 
to  the  disposition  of  mind  wilb  which  it  was  viewed. 

Several  appearances  hare  been  described  by  philosophers,  in 
aome  respects  resembling  what  I  saw,  but  not  exactly  the  same< 
The  arch  in  size,  situation,  and  colour,  was  most  exactly  the  glory 
represented  in  some  pictures,  and  is  manifestly  Ihe  archetype 
whence  it  had  been  copied  by  a  painter.  Indeed  such  a  phenome- 
non is  well  adapted  to  excite  religious  awe  and  reverence. 

When  1  returned  into  the  chaise,  a  bright  radiance  appeared 
close  to  its  shadow,  but  no  separate  coloured  circle  was  formed. 

In  order  to  iiiveattgate  the  cause  of  these  carious  appearances, 
on  optical  principles,  it  may  be  useful  to  note  some  p«uliar  cir. 
cumstauces.     The  cloud  was  specifically  heavier  Ihan  tti<.-  air  of  that 
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rvtiim  wbrre  i(  «■■  plan>d  :  for,  il  dMceodrd,  vith  conridwmbh 
«*1oei(]r>  down  t)ie  «Hp  of  the  nioantaiii.  Il  wms  vrry  clou  tnd 
•hallow,  tHing,  in  part,  comprcKcd  by  itt  own  wtight  ;  the  lir  U 
that  altiiade  N-in^  loo  rare  lo  (uspend  it. 

I  hate  in'n,  at  olher  timn,  but  not  ttrtfw^nl\y,  clond*  of  Ibt 
Mae- appearance.  On  ihe  ^th  of  NoTPtnber,  17^0,  I  saw  mmm 
douds  which  fiBctly  reKmlil<>d  tbo^e  in  which  thr  glory  watol). 
•«T*ed,  hal  bad  Rol  Ivi^ore  to  approach  them.  ThciE  were  ir. 
■arkiMj  cloM,  conpact.  and  shallow  on  the  moantain  ;  bat,  ia 
dia  adjoining  »b1I»)  {of  Mold),  Ihi-)'  w^re  (hin,  rare,  and  de*p. 
In  the  rallc)',  lb*  atmosphi'rc  and  the  cloads  se^oird  lo  be  of  tbt 
*UM  ipcciAc  ftraiitj.  The  cloud  on  the  muuntaiu  bad  a  thiniai 
brlghtnns,  where  the-  lun  shone  npon  it,  but  was  exlremeljr  black 
whirre  ihadcd  by  other  clouda. 

In  aomc  cates,  the  cloud  in  which  a  iimHar  appearance  ha<  bfM 
abserred,  was  ihoughl  lo  be  compospd  of  frozen  pariicle*.  I(  pi«a 
bably  was  so  in  the  preaint  inttance.  Fur,  tome  hours  later,  Ikl 
•ame  erening,  bring  on  horseback,  and  passing  through  a  thkk 
clofld,  icicles  had  formed  on  my  hair,  which  by  the  natiaa  of 
riding  produced  a  sound  like  ihe  ringing  of  dbtant  bella. 

No  coloured  arch  like  a  rainbow,  I  believe,  has  ever  appeaitj 
in  a  hail  or  snowshowrr ;  thefrnzrn  drops  are  probably  loooptb^ 
loo  distant,  and  (oo  large,  (o«ihibil  such  ciriours.  But  the  praiL 
nily  and  tbv  tninnlenr-s  of  the  frozen  parlicles,  ia  tiu!  clood  afaM 
deuribed,  might  probably  allow  the  rays  of  light  to  be  nlKU^ 
and  refracted  in  a  coloured  circle.  Experiments  on  thin  frvMt 
surfaces,  in  a  prlsmaiic  furiD,  or  on  small  frozen  p«rtiri««  mt  tntm, 
Biifht  naecesirully  iltuvlrale  this  curiou'  subject,  Gli 
with  tee  may  aJTord  some  obKenalioas.  And  the 
■Drface  of  snow,  coTered  with  a  huar.frost,  exhibits,  usi  fwtvMir 
remarked,  hcantifnl  brilliant  pointn  of  Tariona  coloara,  as  n^ 
gruen,  blue,  he,  reflected  and  refractfd  at  diRerent  angles;  •bidki' 
by  attentive  obserratiun.  might  perhaps  eiplain  the  catn«both< 
tbe  glory,  and  of  the  bright  arches  above  described, 
Eiplanation  of  ike  Draahtg, 

CC.    The  while  cloud. 

AA.  The  shining  arches, 

SS.     The  shadow. 

OG.  The  glory, 

[iUcM.  of  Ihe  Manchester  Saeietf. 


t  '«>  ] 


CHAP.  XLIX. 

ON  lOUBDS  AMD  ECBOEI. 
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J.  HI  plueDoraeoa  of  lonnil  harr  io  manjr  instaocei  ■  itrong  re> 
atobUnce  lo  those  of  light.  Hook  and  Eulcr  iuppo»rd  both  M 
con^itt  in  a  mere  Tibrxion  or  impul^  of  ether,  or  of  air,  Newloa 
CONtentletl  for  a  pccolar  luminuuj  fluid,  or  matter  of  light,  diilinct 
from  ether;  and  Epicnrui  for  a  pecaliar  Minoroas  Baid,  or  matter 
afaouod,  distinct  from  air;  an  opinina  which  Lamarck  *  appear* 
to  ba*e  rrtiTed  in  oar  own  times.  Light,  as  wc  baie already  leeg, 
b  inbject  to  refiectioD  and  refraction,  agreeablj  to  defiaite  lawi ; 
■eand  is  aiil>}ect  to  the  lanie  effects,  and  according  to  lairs  equally 
definite ;  and  It  b  from  this  reflection  and  refracliin  that  echoes  oc 
BOck.ioicos,  whispers,  and  confused  murmuri,  are  produced,  in  the 
Utter  inttaaces  ;  as  parhelia  or  tnuck-iuns,  raiiiboHi,  and  halos  ia 
the  former :  the  one  Is  peculiarly  affected  by  colours,  on  which  the 
other  altogethK  depeudk  [  Editos. 


Geaerat  Obtervaliotif  on  the  Nature  of  Sound,  akiipering 
Dome*,  and  Ethoet. 

Sound  is  propagated  successively  frnn  the  sounding  body,  to  th« 

places  which  are  nearer  to  it,  then  to  those  that  are  farther  from 

it,&c. 

A  gr«at  many  long  a«d  lahorloBs  calculations  hate  been  mode  by 

divert  able  philosopheri  and  mathemBriciao%  for  the  purpose  of  de. 

dociog  the  velocily  of  sound  through  the  air,  from  the  known 
welghr,  elasticity,  and  other  properties  of  air ;  bnt  the  results  of 
IDch  ralcnjatiuns  difler  considerably  from  each  other ;  as  also  from 
the  results  of  actual  eiperimenls  :  W'ich  shews  either  tha(  ihe  cat, 
culalions  hate  Iteen  estat)li*hed  upon  defecli*e  prinrlples,  or  lliat 
not  all  the  copcurring  clrcum^lances  have  hi  en  taken   into  the  ar. 
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I'outil.  Therefore,  wilbuut  mentioDing  nay  thing  &rlb*r  «lthn> 
itpect  to  tbose  colcukfiona,  I  shall  itnuediattily  sUte  Ihe  molt  of 
aulhealic  and  useful  expo  rim  en  t.«. 

.AlraosI  every  bnilyknow;,  that  whea  K  gUD  is  fired  klacoaii. 
durable  dbtaocc  frum  him,  he  perceives  the  Sash  «  certain  lint 
before  be  hears  the  report;  and  the  same  thing  i&  tme  wttk  reipid 
to  tlie  stroke  of  a  hammer,  of  on  hatchet,  witli  tlie  Call  of  ■  >f«M, 
or,  in  ^liort,  wilh  any  visible  action  which  produces  •  9o«sd  or 
sounds.  This  time  which  sound  employs  in  its  motioQ  throash  He 
common  air,  baa  been  measured  by  various  ingenious  pfirtmu.  Tbt 
principal  and  more  general  method  has  been,  to  measure  (by  men* 
of  a  stop  watch  or  a  pendulum)  the  time  which  elapses  between  lit 
appearance  of  the  flash,  and  the  hearing  o^  the  report  of  a  gun  tint 
at  a  certain  measured  distance  from  the  obf^errer  ;  for  li^ht  Irarrlt 
GO  fa^t  through  the  distance  of  1000  or  2000  miles,  that  we  caonX 
possibly  perceive  the  time  ;  therefore  we  may  conclude  that  the  a- 
ploaiun  of  a  gun  takes  place  at  the  very  same  moment  in  which  «( 
perceive  the  flash. 

In  the  first  place  it  has  been  unanimously  observed,  that  sonnil 
travels  at  an  uniform  rale ;  viz,  that  it  will  go  as  far  a^ain  in  hto 
seconds,  as  it  will  in  one  second ;  that  it  will  go  thr«e  limn  u  fir 
in  three  seconds,  or  four  times  as  far  in  four  seconds,  as  it  wilt 
ill  one,  and  so  on.  Therefore,  in  the  aliove-tnealioued  mannM 
of  performing  the  experiment,  if  the  distance,  (in  feet)  bet wera 
the  cannon  and  the  observer,  be  dlvidid  by  the  number  of  MCoadt 
elapsed  between  (he  perceptions  of  (be  l]a>h  and  of  the  report, 
the  (iiiotient  will  shew  the  rate  of  travelling,  or  how  many  fctt 
per  second  sound  runs  through. 

This  rale  has  been  estimated  differently  by  difTerent  persons, 
whose  experiments  have  been  performiil  at  different  litne*,  ■■  dif- 
ferent places,  and  with  inslrumenlt  more  or  less  accitrate,  *lt. 

P«tf 
pcrSecMl. 

*  By  Sir  Isaac  Newton,  at  the  rate  of, DBS 

t  Uy  the  Hon.  Mr.  Roberts,  at 1300 

X  By  the  Hon.  Mr.  Boyle,  at 1300 

%  By  Mr.  Walker,  at I JS8 

•  PrlncipiB.  B.  11.  Prop.  50.        f  Phil.  Tmai.  N*  909. 
t  Smy  on  Mutioa.  (  PUI.  Trsu.  Nn.  341. 
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*  By  Mersennus,  at 1474 

f  Bj  the  Florentine  AcmdeoiicMins •..1148 

X  Bj  ftie  French  Academiciaira • 117i 

^  De  Thary,  Maraldi,  and  de  U  Caille 1 107 

I  FUmstead,  Hallej,   and  Derham,  at 114i 

Dr.  Derham,  as  it  appears  by  the  account  in  the  Philosophical 
Transactions,  seems  to  hare  made  the  greatest  number  of  accurate 
and  more  di versified  experiments ;  therefore  we  nu)-  take  hi«  con. 
cJu'^iuDf  whjch  coincides  with  those  of  Flamstead  and  ilalley,  aa 
the  nearest  lo  the  ti  uth  ;  viz.  that,  in  general,  sound  travels  uni« 
formlv  through  the  atmospherical  air  at  the  rate  of  1142  feet  ptr 
second,  or  one  mile  in  little  less  than  fi?e  seconds ;  at  least«  (his 
result  cannot  (iiffer  from  the  truth  by  more  than  fifteen  or  tHcuty 
feet.?  But  it  will  appear  from  (he  following  piira^ra[>hii|  and 
from  the  ditiiculty  of  measuring  (ime  to  a  fraction  of  u  second^ 
that  no  very  great  degree  of  accuracy  can  be  expected  in  luvasurf* 
ments  of  this  sort. 

Derham  observed,  that  the  report  of  a  cannon  fin  d  at  (bit  dUtnno* 
of  thirteen  miles  from  him,  did  not  i^trike  hin  ears  with  a  slngU 
sound,  but  that  it  was  repeated  fire  or  six  times  cluke  (o  each 
oth^r.  '^  Ihe  two  first  cracks,'*  he  ssys,  ^^  were  louder  than  ih# 
third,  but  the  last  cracks  were  louder  than  any  of  (he  ritsi«*'~* 
And  besides,  in  some  of  my  stations,  besides  (he  inuUiplUd  louudi 
1  plainly  heard  a  faint  echo,  whicb  was  reOacted  by  my  churchy 
and  tb^  houses  adjacent.*' 

This  re|ietition  of  tba  sound  probably  originated  from  lb«  r<'flec« 
tion  of  a  single  sound  from  hills,  bouses,  or  other  obji'cU|  not 
much  distant  from  the  cannon.  But  it  appears  from  general  ob« 
servation,  and  whera  no  acbo  can  be  suspec'tA.'d,  thai  the  sound  of 
a  cannon,  at  the  distance  of  ten  or  twenty  miUs,  is  dilfWreut  from 
the  sound  when  near.     In  the  latter  case  tha  crack  Is  louii  and 

•  BaliOic.  Prop.  30.         f  Kjp.  of  tkti  Aca4*  dtA  C^mtnUt^  p.  Ml. 

t  Dv  HaMel  Hitt.  Acad.  Org. 

S  Tkry  rrekMrd  it  equal  Co  173  ieiteSt  vliicli  arc  acaity  ««  (4»  1 107  fifti 
Eagliih.    See  Mea.  4e  VAtad.  fm  I7W,  p,  ItM,  4iur. 

I  PhiL  TfBM.  iofio'f  Abrid.  v«l   J  V.  p.  Vm, 

%  Accerdiag  u4fr«  Hale,  the  luidylaiioci  t4  mwUf  U  iv  Ike  aMieM  W  •4/t»Md# 
asoae  leWk 
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instantaneoni,  of  which  ve  cannot  Rppr«cim(e  the  height.  Wbrroi 
in  (he  former  case,  viz.  at  a  diitance,  it  is  a  grBve  wwiit,  which 
tBAy  be  rumpared  to  a  dettrrminate  musical  Kound  ;  and  imbad  rf 
i  being  inslantaneous,  it  begins  softly,  swells  to  ita  greatnl  loW> 
f  Jttss,  Bod  then  dies  anay  growling.  Nearly  the  sane  UiiDg  Bay  ti 
obserred  Kith  resptct  lo  a  clap  of  thunder.  Other  soandi  in 
tkewise  altered  in  quality  by  the  distance. 

Upon  the  whole,  it  appears  that  the  relocilj  of  sonnd  is  endlf 
the  same,  whether  the  sound  lie  high  or  low,  atrowg  or  l^^^^ 
whether  it  be  the  sound  of  a  human  »oioe,  or  the  report  rfa 
cannon.  But  its  velocity  is  sensibly  altered  by  wimb.  If  At 
wind  conspires  with  the  sound,  rii.  if  it  blowa  in  the  dindlM 
from  the  sounding  body  to  the  hearer,  the  sound  will  be  hati 
•ooner ;  and  if  the  wind  blows  the  contrary  way,  the  (onad  ■■ 
be  heard  later,  than  according  to  the  rale  of  1 142  feet  per  meauL 
In  short,  the  velocity  of  the  wind,  in  the  former  case,  Butf  k* 
added  to,  and  in  the  latter  it  mast  be  subtracted  frocn,  that  of 
nniid.*  But  th«  velocity  of  Ihe  air  in  the  strongest  wiad  bfpcfi 
kips,  not  equal  to  the  twentieth  part  of  the  velocity  of  faHO 
Heat  and  cold  seem  to  make  a  very  small  alteration  in  tlw 
dly  of  sonnd  ;  for  sound  appears  to  travel  a  little  faster  in  la 
I    flian  in  winter. 

Different  altitudes  of  the  barometer,  as  also  dilTerenl  qoantiAl 

if  moisture  in  the  air,  seem  to  occasion  a  small  alteratioo  la  ili 

'   Telocity  of  sound.     But  it  is  not  in  our  power  to  determine  »M 

hare  of  the  effect  U  due  to  each  of  those  causes. 

Upon  Ihe  whole  it  apppars,  that  whatever  increases  Ihe  daitidtf 

of  the  air,  accelerates  the  motion,  as  also  the  intensity  of  sodW 

thrnugli  it,   and  vice  versa.     Or,  in  fluids  of  a  determinate  riM 

'  ticity,  whatever  increases  the  density,  direinishes   the  vHocfty  if 

f  sound  ihroogh  them.     Probably  the  velocities  of  sonad  (kraegfe 
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Auch  fluids,  are  as  the  square  rools  of  ibe  debiities,  Eiperieace 
t«ems  to  pfoie,  that  at  different  times  of  the  year  (the  inBuence 
of  the  windi  being  excluded)  ibe  velocity  o(  Mund  may  be  faster 
OT  slower,  not  exceeding  thirty  feet,  than  at  the  ahoTe.menllaiied 
meaa  rate  of  1 1-19  feet  per  secoud. 

The  knowledge  of  the  Telocity  of  tonnd  throagh  the  air,  may 
be  applied  la  a  rery  useful  purpose,  viz.  lo  the  measuTement  of 
distances,  especially  when  no  better  metbod  can  be  used  with  con* 
Tcoieucy.  Thus  we  may  measure  the  distance  of  a  thunder  cloud, 
by  measuring  the  lime  which  elapees  between  the  appearance  ot 
Ihe  flash  of  lightning,  and  ihe  report  of  the  exploiion  or  thunder  ; 
for,  if  by  looking  on  a  clock  or  a  watch  with  a  second's  hand,  wo 
find  that  the  time  elapsed  is  one  second,  we  may  conclude  thai  the 
axptosioD  took  place  at  the  distance  of  1 143  feet  from  ub  ;  if  the 
«Up>ed  time  be  (wo,  or  three,  or  any  other  number  of  seconds, 
we  may  conclude  that  the  distance  is  the  product  of  1 142  multU 
plied  by  two,  or  by  three,  or  by  the  other  number  of  seconds. 
After  the  same  manner,  by  observing  the  flash  and  the  report  of  a 
(DO,  or  the  motion  of  the  hand  which  moves  a  hammer,  and  tha 
perception  of  Ihe  sound.  Sec.  we  may  determine,  pretty  nearly, 
the  distance  of  a  ship,  or  of  an  island,  or  of  a  workman,  ttc. 

Air  h  always  around  us,  and  therefore  is  the  most  commoa 
medium  through  which  sounds  are  transmitted  :  but  sounds  may 
also  be  couveyed  by  other  bodies,  both  solid  and  Said;  «iz> 
by  water,  by  metals,  by  wood,  by  scone*,  by  ropes,  &c.  and  in 
most  cases  more  readily,  and  more  perfectly,  than  by  the  air.  Pro. 
bably  there  is  no  substance  which  is  not  in  some  measure  a  cotu 
doctor  of  sound;  but  sound  is  much  enfeebled  by  passing  from 
one  medium  to  another. 

If  a  mau  slops  one  of  his  ears  with  his  finder,  slops  the  other 
ear  by  pressing  it  against  the  end  of  a  long  stick,  and  a  watch  h» 
i^jplied  to  the  opposite  end  of  the  stick,  or  of  a  piece  of  limb«r, 
be  it  ever  so  long,  the  man  will  hear  the  twaring  of  the  wistch  v»ry 
distinctly  ;  whereas  iu  the  usual  way  through  Uih  air,  he  can  hardly 
hear  it  from  a  greater  djstauce  than  about  fifti^en  feeL 

The  same  efiect  will  lake  place  if  he  stops  both  bis  ears  with  bis 
hands,  and  rests  bis  teeth,  his  temple,  or  the  cartilaginous  part  of 
one  of  bis  ears,  against  the  end  of  the  ittck.     Instead  of  a  slick  ha 
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najr  use  a  rod  of  iron,  or  other  metal,  a  block  or  pillar  of  inir* 
ble,  &c« 

Instead  of  applying  the  watch,  a  rerj  gentle  scratch  maj  be 
made  at  one  end  of  a  pole,  or  rod,  and  the  person  who  keeps  the 
ear  in  close  contact  with  the  other  end  of  the  pole,  after  the 
abo?e-mentioned  manner,  will  hear  it  with  great  accuracy. 

Thus  persons  who  are  not  quick  of  hearing,  by  applying  their 
teeth  to  some  part  of  a  harpsichord,  or  other  sounding  body,  will, 
by  that  means,  be  enabled  to  hear  the  sound  much  better  than 
otherwise. 

*  If  a  man  stops  his  rars  with  his  hands,  then  passes  the  loop  of 
mitring  (which  has  a  piece  of  metal,  as  a  spoon,  &c.  tied  to  its 
extremity)  over  his  head  and  hands,  ard  by  stooping  himself  a 
little,  keeps  the  end  of  the  string,  with  the  <:poon  or  piece  of  metal 
pendant  before  him  ;  on  striking  the  spoon  against  any  thing,  he 
will  hear  a  sound  not  much  different  from  that  of  a  large  bell. 
Such  experiments  are  capable  of  gre.'t  variety.* 

It  has  been  said,  that  the  reports  of  cannon  fired  at  Toulon 
may  be  heafd  at  Monoco,  viz.  at  he  distance  of  at>out  seventy-six 
miles,  by  a  person  lying  on  the  ground  ;  but  not  otLerwise.  But 
the  practice  of  placing  one's  ear  cIosp  to  the  ground,  in  order  to 
perceive  the  approach  of  horses  or  men  ;  or,  in  short,  for  the 
purpose  of  hearing  distant  sounds,  has  been  observed  even  amongst 
uncivilized  nations. 

Articulate  sounds  may  also  be  transmitted  through  solids ;  but 
I  must  own,  they  are  not  perceived  very  distinctly  by  my  ear. 
However,  Dr.  Chladni,  who  has  made  a  vast  number  of  experi* 
ments  relative  to  this  subject,  expresses  himself  in  the  folloHing 
manner : 

^^  Articulated  tones  also  are  conducted  exceedingly  well  through 
hard  bodies,  as  I  found  by  experiments  which  I  made  with  some 
of  my  friends.  Two  persons  who  stopped  their  ears,  could  cool 
verse  with  each  other  when  they  held  a  long  stick,  or  a  series  of 
•ticks,  between  their  teeth,  or  rested  their  teeth  against  them. 
It  is  all  the  same  whether  the  person  who  speaks  rests  the  stick 
against  his  throat  or  his  breast,  or  whether  one  rests  the  stick  which 
he  holds  in  his  teeth  (\gainst  some  vessel  into  which  the  other  speaks. 


•  Sea  the  Mqpi.  of  the  Ac.  of  Tario,  for  1790  and  170r. 
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The  effect  will  be  greater  Ihe  more  the  vessel  is  capable  of  ft  tre- 
mulons  movement.  It  appeared  to  be  strongest  irilh  glua  and 
porcelain  Tessels;  with  copper  kettles,  wooden  buxcs,  and  carthem 
pols,  it  was  weakt-r.  Sticks  of  glass,  and  next  fir.wood,  con. 
ducted  the  sound  best.  Tbe  sound  could  aUo  be  heard  vhen  k 
thread  was  held  between  the  (eeth  bj  both,  so  as  to  be  somewhat 
stretched.  Throai;h  each  substance,  the  ioatid  was  modified  in  a 
manner  a  little  different.  By  resting  a  stick  or  oilier  body  against 
the  temples,  the  forehead,  nnd  Ihe  external  cartilaginous  part  o(  the 
ear,  sound  is  conveyed  to  the  interior  organs  of  learing;  as  will 
readily  appear,  if  you  will  hold  your  watch  to  those  parts  of  another 
person  aha  hu  stopped  up  his  ears.  From  this  it  appears,  u 
well  as  from  the  experiments  relative  to  Ihe  hearing  under  water, 
that  hearing  is  nothing  else  than,  by  means  ot  the  organs  of  hear> 
in^,  to  be  sensible  of  the  tremuloas  movement  of  an  elastic  body, 
whether  thb  tremulous  movement  be  conveyed  through  tlii?  air,  or 
any  other  fluid  or  hird  body,  to  the  auricular  nerves.  It  is  also 
easentially  the  »aine  whether,  as  is  usually  the  cnse,  tb<<  sound  be 
conveved  through  the  internal  part  of  the  ear,  or  whether  it  be 
communicated  through  any  other  part  of  ihe  l)ody.  It  certainly 
would  bo  worth  the  trouble  to  make  experiments,  to  try  whether  it 
might  not  be  possible  that  deaf  and  dumb  people,  when  the  defu 
ciency  ties  only  in  the  external  organs  of  the  ear,  the  ouricatar 
nerve  being  perrecl,  could  not,  by  the  above  method  of  conducting 
sound,  be  made  to  hear,  distinctly,  words  articulated,  as  well  as 
other  sounds,"* 

The  vploeity  with  which  sound  moves  through  solids,  ii  by  no 
means  known,  nor  does  it  seem  likely  to  be  determined  ex|)eri> 
mentally  ;  for  such  experiments  can  only  be  performed  with  several 
hundred  feet  length  of  each  particular  substance.  The  only  thing 
which  has  been  tried  relative  to  this  subject,  is  to  transmit  a  sound 
through  a  series  of  pieces  of  wood  pUced  in  close  contact  the  first 
with  the  second,  the  second  with  the  third,  and  so  on.  It  whs 
found  that  sound  was  transmitted  through  wood  f&ster  than  through 
air;  but  it  could  not  be  determined  how  much  faster.'l' 

«  Thu  hu  tic«n  taken  froin  Ibe  Phil.  Ma^.  for  July  1799,  ulikli  cudIum 
Ihe  miuUtlon  of  aaine  paiagn  eiUocled  from  Dr.  Cliladni's  niigliul  work 
OS  the  loogitudinal  libmloni  of  ilrings  &c> 

t  Bj  reaionli^  aod  calcnlallon  l\  kai  bcea  dedactd)  ihM  a  celn«a  of  air 
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Whether  sound  be  tran^miKed  it  all  through  raci 
by  no  meiins  determined.  A  bell  inclospd  in  k  glut 
caused  to  sound,  can  be  heard  less  and  leM,  KccordtBg  U  At^ii- 
is  more  and  more  exhausted  or  air;  but  (hough  I  bat«BwjM| 
of  the  beU  air-pumps  that  was  tier  conilracted,  aad  the  appinat 
which  supported  the  bell  waa  laid  opon  sach  lofl  sabalMKttrt 
teemed  least  likely  (o  transmit  the  sound  (hrotigli  then;  fill 
could  nerer  render  the  sound  of  the  hell  quite  unavdible.  BrsMl^ 
it  may  be  suspected,  that  when  thef^jabs  receiver  is  eshaasted of  ^ 
the  pressure  ot  the  atmosphere,  on  its  oulsiile  only,  rosy  cbrrk  ii 
great  measure  the  tranamisMon  orihe  sound.  IT  it  be  uhed  «W 
can  transmit  the  sound,  or  the  lihralions  of  the  bell,  when  tfctat 
between  it  and  the  glass  has  been  ritnoved,  supposing  thai  it  oki^ 
be  entirely  removed?  We  must  undoubtedly  assert  our  i^BoritC* 
of  it.  But  our  ignorance  of  what  may  traiismil  the  sound  ia  IW 
case,  does  not  prore  that  the  sound  could  not  be  heard,  if  thtik 
were  entirely  remoied. 

Sounds  diminish  in  intensity,  or  they  are  lesi  audible,  ircoiJn 
as  the  hearers  are  farther  from  the  sounding  body;  bot  IbctvilM 
accurate  method  of  dttrrmiiiing  this  decrease  *. 

The  same  sound  is  stronger  in  dense  than  in  thinner  air.  Tli 
aclnal  felt  of  rain.  Know,  Sec.  or  a  good  deal  uf  moisture  in  tbei^ 
diminishes  the  intensity  of  sound.  In  calm,  »er«iie  «eath«| 
when  erery  thing  is  quiet,  a  sound  is  heard  much  elronger,<ndrf 
course  much  farther  than  otherwise.  Wtien  n  imooUi  tmrtacut 
ground,  and  especially  of  water,  is  interposed  bettve«n  thesoMdi 
log  body  nod  the  hearer,  then  sounds  may  be  beard  Bndi 
than  when  water  much  agitated,  or  ground  corered  with 
trees,  &c.  is  interposed. 

In  favourable  circumstances  the  striking  of  tho  clock  on  I 
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.1  bolli  ciidi,  make)  one  loofil^nl  4 
me  lime  Ituit  sauiii]  would  ein|iliiy  ■■>  |>ert!ui  the  !■■« 
•It  fibre  ritilithe.  Nrwlon'),  PHnc.  L.  S.  Prop.  H>.)  Iwac*  k 
■uy  be  prrHmcd,  by  nnalnj^',  thattoaod  li  (mi.u&iun)  hj  miIM*  af  BnTBdi 
'  leni;>h.  in  i he  tame  lime  in  whirh  tbnte  Mtidt  would  prrfatw  cwrh  of  Arit  li» 
giluiiiosl  vibraiions.  Now  il  has  hern  found  ilmt  ■  tod  o(  into  of  a  ntl^ 
length,  will  perform  lu  lungllBdinal  viktnilioai  iniu;li  tntiirr  (kan  ■■  (^Ml  H^ 
lar  of  air]  tbrrcforf  il  li  likely  ihal  aoiind  will  noie  thniii|ti  ItMi  m 
ihun  thraugh  sir)  and  llie  miae  Ihiad  ouiy  be  uld  of  ether  Kilidi^ 
*  SMthe  mu  Trao*.  for  IRUO,  p.  IW. 
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af  St.  PrdI'i  cbnrcb,  in  London,  bat  been  heard  in  Windior.  It 
bas  be«n  said,  that  with  a  parltcular  concurrence  of  TsTonrable  dr. 
cnmstancvs,  tiie  human  Toice  has  been  beard  at  the  distance  of  more 
than  trn  miles,  vis.  from  Old  Gibraltar  to  New  Gibraltar".  The 
discharge  of  *n  ordinary  musket  can  hardly  ever  be  heard  farther 
than  seven  or  eight  miles;  bnl  the  discharge  of  sereral  such  mu). 
kets  at  the  aarae  time  may  be  heard  from  a  greater  distance.  The 
qvirk  repetition  of  the  same  sooiid  may  also  be  heard  somewhat 
farther  than  the  same  singly.  In  th«  Dutch  war  of  the  year  1072, 
it  has  been  said,  that  the  reports  of  cannons  were  heard  at  the  dis- 
tance of  900  miles,  and  upwards. 

It  is  commonly  said,  that  the  fibralions,  which  are  communr. 
cated  to  the  air  by  a  sounding  body,  expand  siiherieally  all  round 
that  boily  \  and  in  fact  its  sound  may  be  heard  on  any  side  of  it ;  yet 
certain  it  is,  that  the  sound  will  not  be  heard  with  equal  force  and 
distinction  in  every  direction  I  and  this  difference  is  much  greater  with 
certainsoundingbodits,  (Til.  when  a  strong  impulse  is  given  to  the  ait 
in  a  particular  direction)  ihan  with  others.  The  report  of  a  cannon 
appears  loader  to  a  person  towards  whom  it  is  fired,  than  to  one 
situated  in  a  contrary  direction +.  The  speaking-trumpet  throws 
the  sonnd  directly  before  its  aperture,  and  very  litile  of  it  can  ba 
heard  by  persons  who  are  out  of  that  direction  %,  In  windy  wea. 
tker  the  aound  of  a  di^t.int  bell  is  ptrceived  to  increase  or  decrease 

*  DrrtuiiB*!  I^yiif o-llipolng^ ,  B.  iv.  rha|>.  3.  See  alio  Ihe  PhiJ.  Tmiu. 
Ns.  300,  for  wnre  fcrb  of  lh<i  nnturc. 

t  Pbil.  Tram,  for  1800,  p.  I  IS. 

]  Upoa  ibii  ptlnilplc  wnnl  curiow  conlriiancpi  may  be  miidr  ;  nnd  Ik* 
(pfaklugorthc  inanUmlr  Bf[urr,  sutprndiril  In  Ihralr,  which  was  riliibitfit  la 
London  Mme  iitart  afn,  itcpi-nilt  upon  Ihr  tamr  prinriplr.  The  inrchknIiiB 
wu  11  rolldW):  a  wondrn  fii^re  wat  iiil|ieni)Ml  in  the  air  bv  ncBiui  of  rib- 
bandt.  Id  nn  opening  briwerp  itro  rooau.  Thrre  wai  ■  perfomlion  about  ao 
Inch  and  a  half  in  dlameler,  from  (be  noutli  la  (he  upper  part  of  the  held. 
This  apertare  bad  an  enlarged  Icrniination  an  tbr  top  orihe  head, and  with  the 
nlber  eilrcmil)'  communicaled  with  a  ioil  of  ipeakiDg-lrompel,  which  was 
bstrncd  to  thr  moBlh  of  Ihe  figure.  Behind  Ihe  pardlion  the  enlargnt  or  fun> 
DcMikr  oprnioE  of  a  lube  van  siloated  dtrcclly  opposite  lo,  and  a(  aba«(  two 
fcFt  dlslancpor,  the  aperture  on  Ihe  bead  of  (be  figare-  The  lube. behind  lb« 
parlilion  wai  benl  in  ■  convrnirnt  rorin,  and  a  concealtd  performer  applied 
cither  hi>  moDlh  orbit  rarto  the  olher  end  of  tbe  tutrra  Now,  ifa  pcrnn  ap- 
plied hi«  inuath  lo  (he  opening  of  the  Irumpet,  and  ipoke  into  iii 
paved  froDi  tbr  opening  on  the  head  of  Ihe  Hgare  ihroitgta  the  air,  li 
lag  of  tbe  (abe  whicta  Mood  facinf  it  behind  the  partition  of  tbe  rooa 
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in  londnera,  according  as  the  wind  alters  ils  strea^Ui  «ttf 
tioD.  An  obstruction  to  the  direction  of  sounds  is  erid 
by  hills,  houses,  large  trees,  and  other  bodies  of  a  certain  e 
for  the  sound  of  a  distant  bell,  of  a  mill,  of  the  wares  of  the  « 
the  shore,  See.  may  bo  heard  much  better  nhea  nothini;  M>\ii  till 
lerposed  between  the  hearer  and  the  sounding  body,  i 
wise.  This  maybe  easily  observed  by  a  person  wolkiag  Ibimght  1 
town,  when  a  noise  proceeds  from  any  of  the  aboTe.mcntioari  .4 
causes;  for  he  will  hear  the  noise  much  better  wbea  he  axtnttM 
the  opening  of  a  street  which  leadx  to  the  sounding  place,  fl 
when  the  houses  intervene  ;  so  (hat  the  sound  which  comes  Mtrf^ 
an  aperture,  does  not  expand  spherically  round  that  apertarr,  ■  M 
round  a  centre  ;  and  this  is  analogous  to  what  has  been  said  «i 
respect  to  the  direction  of  a  stream  of  water,  which  comet  anlgf 
an  aperture;  but  it  most  be  confessed,  that  we  are  l< 
comprehend  the  real  motion  of  the  air,  than  (bat  of  the  wansgt 
the  surface  of  the  water,  or  that  of  a  stream. 

Sounds  are  also  reflected  by  hard  bodies,  and  (his  reflection  pi»> 
duces  the  well-known  phenomenon  called  ecAo  ;  and  Otlwrmlb 
gous  to  it. 

If  a  person  standing  at  a  certain  distance  before  a  hi^h  wiB,  %' 
bank,  a  rock,  &c.  niters  a  word  or  makes  a  noise,  either  *llb  til 
TOtce,  or  with  a  hammer,  Sic.  he  will  frequently  bear  ■  rcfWlliM 
of  the  word  or  othnrnoise  ;  and  the  lime  which  elapaes  b 
the  cipreSNion  of  the  sound,  and  the  hearing  of  (be  Han  «jain,K 
the  same  as  sound  in  general  would  employ  in  going  twice  ihroi;^ 
the  distance  between  Ihe  man  and  the  wall,  or  the  rock  b.  f 
the  vibrations  of  the  air  must  go  from  the  man  to  the  wall,  « 
back  again;  so  thai  if  the  wall  be  1 143  feet  distant,  the  t£ 
between  the  expression  of  the  sound,  and  Ihe  second  ftrrinl«fji 
to  the  ear,  will  be  two  seconds;  and  so  forth. 


person,  wlio  applied  Ms  ear  lo.Uii-  failhcr  npeniBi-  af  the  lutw,  « 
disiincllyj  but  other  persorw  in  Ihe  room  heard  ver;  llltle,  if  al  aD.ailW^ 
anicnlaled  sonad  ■  and  the  fame  thiug  look  place,  whrn  the  cooecalrd  of 
*puke  with  hi)  moutb  close  to  the  farthest  end  nf  (be  lobe,  a 
plwrd  hiaeoreloae  lo  the  oprnlni;  of  the  innnprli  nhicb  thrwi  itatlkM 
pWKd  almojt  enilre!.  In  a  alTsighc  direction,  from  the  aptninti  », 


the  nppotile  aperture  of  the  tQbr,  c 


.   This  tiuule  il 


n  figure  itself  comprehrmjed  wordj,  and  reluracd  an  ai 
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B«t  tke  AM oriciBil  «M»i,  mmi  tht  ivpKitmi  ^  %  wUdkh 
called  tht  ecW,  ■>▼  be  keard  br  other  penow  skwfted  aldMercflt 
distafic^  bmu  fwom  the  orifiail  foaadiBf  pla:«,  aad  froa  the 
iectin^  vaU,  or  och^r  obfect.  TW  e€rct,  kovwer,  vH  sot  be 
acUj  alike ;  for  iastaace.  tW»e  who  are  Bcarpr  to  tbe  vail,  wiH 
hear  tbe  ccko  foontr  tLaa  otber  permas;  tkosewboare  as  te 
again  froai  the  aan  vtio  expresses  tJbe  foaad,  as  tbej  are  froai  tbe 
redectiof  obstacle,  wbtu  the  reflect io;  object  is  at  an  cqoal  distaaco 
from  both,  will  bear  botb  tbe  on^ini!  soaod  and  tbe  echo  at  tbe 
lame  tiae  ;  ia  wkicb  case  thtj  will  perceive,  as  it  were,  ooesoaod 
louder  tban  tbej  would  witboot  the  repetitioB. 

Bat  tboo^b  several  persons  in  cCdcreot  ritaadoiis  will  hear  the 
echo,  or  repetition  of  the  same  soaod ;  jet  in  a  particnlar  directioa^ 
the  echo  anj  be  heard  mncb  better  than  in  other  directioos.  Now, 
if  two  straight  lines  be  drawn  from  the  centre  or  middle  of  the  re. 
fleeting  sarface,  one  to  the  place  whence  the  original  soood  pro. 
ceeds,  and  another  in  the  abure-mentioned  best  direction ;  those 
lines  will  be  foand  to  make  eqail  angles  with,  or  to  be  eqnallj  ie. 
clined  to  that  surface.  Hence  it  is  said,  ^^  that  soaod  is  reflected 
bj  certain  bodies,  and  that  the  an^le  of  reflection  b  eqaal  to  tiie 
angle  of  incidence." 

Thif  shews,  that  though  sound  proceeds  from  an  original  sound, 
ing  body,  or  from  a  reflectrn:;  surface,  io  erery  direction ;  jet  a 
greater  quantity  of  it  proceeds  in  some  particular  direction  than  in 
anj  other ;  and  this  is  probably  owing  to  the  original  impulse  being 
giren  to  the  air  in  one  direction  more  forciblj  than  in  others,  at 
also  to  tbe  want  of  perfect  freedom  of  motion  in  the  aerial  fluid. 

The  surface  of  Tsrious  bodies,  solids  as  well  as  fluids,  hare  been 
found  capable  of  reflecting  sounds,  riz.  the  sides  of  hills,  hoo8C0| 
rocks,  bauks  of  earth,  the  lars^e  trunks  of  trees,  the  surface  of  wa* 
ter,  especially  at  the  bottom  of  a  well,  and  sometimes  eren  the 
clouds.  It  is  therefore  evident,  that  in  an  extensive  plain,  or  at 
sea,  where  there  is  no  elevated  body  capable  of  reflecting  soands^ 
no  echo  can  be  heard. 

The  con6garation  of  the  surface  of  those  bodies  seems  to  be  much 
more  concerned  in  the  production  of  the  echo,  than  the  substance 
itself.  A  smooth  surface  reflects  sounds  much  better  than  a  rough 
one.     A  convex  surface  is  a  very  bad  reflector  of  sound ;  a  flat 


■^rfftce  ri 
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e  reflects  it  very  well ;  but  a  imall  degree  of  coaavltr,  nd 
(Speciall/  when  thesonnding  body  bin  the  centre,  or  focui, «( Iki 
■^iicSTtty,  renders  Ihut  surface  a  much  better  ri^fl^cfor. 

Thus  in  an  ellipticul  chamber,  if  Ihe  suuiidiug  body  bv  pUctdia 
I  jit  focus  of  the  ellipsis,  that  sound  will  be  heard  much  loud«v  by  » 
Iserson  situated  in  the  other  focus,  llian  in  any  other  part  of  6t 
fr«hamber.  In  Ibis  case  the  etTecl  is  so  powerful,  thai  exen  akl ' 
Itiw  middle  part  of  the  chamber  is  nHnlitig,  »iz.  when  the  Iwuoppa. 
«te  elliptical  shi^lls  only  *iist,  Ihe  sound  expressed  in  one  (ocB 
f  iirill  be  heard  by  3  persun  situated  in  the  other  Tocos,  but  Itud^ 
"    Kt  all  by  other  persons". 

1  some  measure  explains  Ihe  effect  of  what  are  calUl 
I,  whispering  domei,  and  whtipering  gallerie* ;  wherein,  if  t 
rson  speaks  prelty  near  Ihe  wall  on  one  side  of  it,  snoiber  per. 
son  will  bear  him  distinctly  when  he  places  his  ear  pretty  nearte 
wall  on  Ihe  opiiosile  side.  The  dome  in  St.  Paul's  caibednl,  h 
London,  has  this  curious  properly,  which  is  generally  »he»o  loll 
enquiring  visitors. 

Several  phenomena  may  be  eiplained  so  easily  npon  the  abon- 
mentioned  theory  of  the  reflection  of  sound,  that  they  need  b* 
merely  mentioned  to  the  intelligent  reader. 

Several  reflecting  surfaces  frequently  are  So  properly  ntnolij^ 
with  respect  to  distance  and  direction,  that  a  sound  pi 
from  a  certain  point,  is  reflected  by  one  surface  first,  tbea  by 
ther  which  is  a  little  farther  off,  afier  which  it  is  reflected  byai 
■urface,  and  so  on  ;  or  it  is  reflected  from  one  surface  to  a  kc 
from  the  second  to  a  third,  from  the  third  to  a  fourth,  &c.  Utu»f 
echoes,  which  repeat  the  same  sound,  or  the  eome  won^  IVV  Wi 
three,  or  several  times  over,  are  frequently  met  with. 

According  to  Ihe  greater  or  less  distance  from  the  speeker,  a  rfc 
fleeting  object  will  return  the  echo  of  seteral,  or  of  fewer  iyl> 
lables  ;  for  all  the  syllables  must  be  ultered  before  the  echo  ol  tte 
first  syllable  reaches  the  ear,  otherwise  it  will  make  a  c«a(a»oa* 
Jn  a  moderate  way  of  speaking,  about  i{  syllables  ar«  pronomctrf 

•  Iffrdni  nny  point  in  Ihp  circumfei 
Mdwfac',  thiwF  liaPiianke  equal  an^I 
4esralHlnitHl  by  sll  ihe  wTlirn  on  cnni 
r  BD  elllplkiil  chr 


le  nairf  wMcfc  It  p> 


docedir 


and  i)  reltectH  frooi  ite  **P  B 
ttar  oltapr  (acii.  makfs  all  Ihe  aneln  of  incidenri?  eqiwl  la  the  asaln  of  1* 
flection  nipeciiTrly.     Hence,  Oat  focw  Is  Ibr  place  wlxre  Ibe  i 


:  (be  Maai  l^Maffi 
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in  one  CMOnd,  or  »eT«n  tyUablrs  lit  two  s jronih  •.  IVrffore, 
whvnan  rchi  rep-»t*  j*Trii  lyllxlilfk.  lli«  r«flrcfin^  oLjert  U  lt« 
re«t  ithUnI ;  tor  sound  IranN  at  Ihf  nW  bf  1 14f  r*et  prr  (FCORd, 
and  th*  disuncr  from  IfiP  «|h nki't  lo  the  rcUFCtiiig  nhjicl,  mid  ai-aia 
from  the  latter  to  Ibe  rornif  r,  is  tvrire  I  Hi  r^el.  Whm  (he  echo 
rrtiirns  toarieea  syllaiiles,  the  rrflcciing  mlject  must  be  s 962  feet 
distant,  and  sft  vn.  A  famuus  echu  it  saiii  to  be  ia  W<>-i<tstock 
Park,  near  Oxford,  ll  ri^peali$er--iile«ii  sjIbMes  in  iho  day  and 
twenty  at  nigh(+.  Anollier  rfmatkablo  fiho  ii  wid  (o  b^  on  Iba 
nortli  itdr  of  Shipley  church,  in  Su!»:x.  It  repeats  distinctly,  in 
faroorable  circurrntancrs,  Iwenty.otie  syllables  t> 

Tbtrefure  lite  farther  tbe  reDecling  surface  is,  ibe  jireater  num< 
berof  syllables  the  echo  vill  rrpcat;  but  the  sound  will  be  en. 
feeblcd  nearly  in  the  latne  proportion,  and  at  last  the  tyltables 
cannot  be  heard  distinctly. 

When  the  rt'Qecttog  object  is  too  near,  (ha  repetition  of  the 
tonnd  arrives  at  the  ear,  whilst  the  perception  of  the  original  sound 
tlill  continues,  in  which  case  an  indistinct  resounding  is  heard. 
This  i'BrcI  may  be  frequently  observed  in  empty  rooms,  passages^ 
&c.  especially  because  in  such  places  several  reflections  from  the 
walls  to  the  hearer,  as  also  from  one  Tvatl  to  the  other,  and  then  to 
tbe  bearer,  clash  with  each  other,  and  increase  the  indisliiictian. 

If  each  of  the  vibralions  of  the  air,  w  Uch  arc  occasioned  bjr  a 
certain  sound,  be  perfurroed  in  the  same  lime  that  sound  employs 
in  going  from  the  sounding  body  to  the  wulli  of  a  room,  and  thence 
to  the  bearer,  th^n  the  sound  will  be  heard  with  greater  force.  In 
short,  by  altering  our  situation  in  a  room,  and  expressing  a  sound, 
or  hearing  the  sound  of  another  person,  in  dlff'rrent  situations,  ot 
when  ditferent  objects  are  alternately  placed  In  t)i«  room,  that 
Kound  may  be  heard  loader  or  weaker,  and  more  or  less  distinct. 
Hence  It  is,  that  blind  piTsons,  who  are  nnder  the  necessity  of  pay, 
ing  great  allc-Qtiuo  to  tlie  perceptions  of  their  sense  of  hearing, 
NC()nir«  the  habit  of  dhlinguishing,  from  the  sound  eren  of  their 

•  Prom  lap  cnmiiatHlion  of  ihnn-hand  wrilerr  it  app^n  ihni  n  rendy  and 
lapU  omlor  m  (he  Entlitb  InDrawKr,  praBuuocet  from  100U  Id  15(10  *nril«  ia 
an  liaiir,  lii.  ahont  IVfl  ourdt  in  n  minute,  or  Iwo  wordt  la  eacli  ircond.- 
Mrtnoin  of  Gibtrnn')  Life, 

t  Ur.  PIoi'iNbi.  H<x.  orOirotiUhlre. 

t  ItHiTli't  Le»,  Terb,    Article  Keao, 
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own  T&ices,   whether  a  room  is  empty  or  furnished,  «1 
windows  are  open  or  shut ;  and  sometimes  they  can  etva  dUfa^ 
nbelhcr  any  person  be  io  the  room  or  not*. 

ICacailo'f  Phitu. 

SECTION    If. 

Extraordinary  Ifhiipering.placctj  and  Eckoe*. 

Id  a  Lnirr  froin  Rsbcrl  Soulbvcll,  Esq.  daird  S«ptrinb«r  19,  IStfT. 

The  best  irhisperiog  place  I  ever  saw  was  that  at  Gloucntiri 
bat  in  Italy,  in  the  way  to  Naples,  two  days  rrom  Rome,  I  h«, 
in  an  ion,  s  room  with  a  square  Tault,  where  a  whUper  eoald 
easily  heard  at  the  opposite  corner,  bat  not  at  all  in  the  sidi  c#t> 
ner  that  was  near  to  you. 

I  siw  another,  io  the  way  from  Parii  to  Lyons,  in  the  por^ 
ft  common  inn,  which  had  s  round  rauK  ;  bat  neither  of 
were  comparable  to  that  of  Gloact-stt-r ;  only  tlie  dificrencc  hb' 
tween  these  last  two  was,  that  Io  this,  holding  jour  moolh  to 
side  of  the  wall,  sefer^l  could  hear  you  on  ibe  other  side; 
Toice  being  more  difTused.  But  to  the  Toriner,  it  beiag  a  iqi 
foom,  and  you  whifptring  in  the  corner,  it  was  only  aoiEU 
the  opposite  corner ;  and  not  to  any  distance  from  ihcnce  u 
disdoction  of  words.  And  Ibis  property  was  commoii  to  < 
corner  of  the  room,  and  not  conGned  Io  one. 

As  to  echoes,  therein  one  at  Rruxelles  that  answers  fifteen tii 
but  when  at  Alitan,  T  went  two  miles  from  thence  to  a  noblmiay 
palace.     The  bnildiiig  is  of  some  length  in  the  front,  and  bi  l«t 
« iugs  jetting  forward ;  so  that  it  want;  only  one  aide  of  «■ 
£gare.     About  100  pices  before  the  house,  there  rttRs  a 
brook,  nod  that  very  slowly ;  over  which  yoa  pass  fnMii  the  bo 
Into  the  garden.     We  carried  some  pistols  with  as,  and,  firivi 

•  Tlic  ramoiiiDr.  N.  Snondfrmn,   ptornsnr  ufnulh-^natii-f  ia  Or  *Ui 
lily  sf  Canbridir*,  wlia  hnl  l»rrn  blind  ilacr  he  hu  ooe  ^car  nU,  mmti 
■uch  aculcnru  nf  hrarin;,  thai,  a>  ii  relaled  in  llir  ncriittnl  d(  W«  llfr.  -' 
hii  qnltkant  id  ihi*  tcnip,  he  nal  oa\j  diilini;uiibnl  prrH>in,  niik  aha 
bad  rter  nncr  copvarsed,  w  Inag  at  Io  Si  Id  hi)  tanaoij  ifap  tuaad  al  i 
joice,  bui  in  tome  uruurr  placci  alto.     Hr  Could  jud(C  of  ibr  iluoran** 
IdIo  whicbhr  vulnlrodncrd,  orthrdiMnncf  he  wu  (mn  the  wall  i  sad  if  n* 
be  hull  waUed  o>rr  a  ^vrmem  in  couni,   pialiai,  tec.    wUcb  rrlMlrd 
■oDiid,  nod  nu  arirrnnrda  cnnduncd  Ihithrr  again,  be  caMM  eiMllj  tA 
«btK«bo«iti  in  tbe  walk  be  wai  placed,  ncrely  by  tkc  B 


^^^^^^BWWw^WwDfrtrM  clocks.        .5^^^^n 

er  th«ra,  I  heard  dfty-fit  reiterationi  of  Ibe  aoUe.     Tbe  lirtt  ' 

twenty  were  with  ioiae  diBtiiiciioo  ;  but  then,  ai  Ihe  noiie  seemrd  ' 

to  Oy  awiv,  and  answer  at  a  greater  dhiance,  tbe  repetiiion  <ras 
to  doubled,  Iliat  yoa  could  hardly  count  Ihem  all,  veeming  a^  if 
(he  principal  found  waa  saluted  in  Ut  pasiage  by  reporii  on  thl> 
and  that  sitle  at  the  same  time.  Some  of  oar  company  reckoned 
above  silly  reiterations  wben  a  louder  pistol  wai  discharged. 

[FA»/.  Trant.  1748.  ^ 

SBCTION   III. 

Singuiar  Mj/mpalhelic  action  of  lao  Pendulum  Clock*  on  tack 
other, 

Bv  Ur.  John  EIIIh-oII,  F.R.«. 

The  two  clocVs  on  which  (he  following  obterrationii  were  madCf 
being  ilo'igned  for  rogulatora,  particnlar  care  was  taken  to  hate 
every  part  made  uiih  all  pog&ibk  exaclneu ;  the  two  pendulurai 
were  hung  in  a  manner  dilTrrent  from  what  ii  usual ;  and  bo  Aiim 
poted,  that  Ihe  wheels  might  act  on  thera  with  more  adiantage. 
Upon  (rial,  they  were  fuund  not  only  to  move  with  greater  freedum 
than  common,  but  i  liesTier  pendulum  wa«  Itept  in  motiou  by  % 
■mailer  weigfil.  They  were  in  erery  reipect  made  as  near  Blik« 
a>  posiiblc.  The  bntl  of  each  of  the  penilulum*  weighed  above 
331b. ;  and  reqiiin-d  to  b«  inoTtd  about  1''  5'  from  the  perpendi. 
cular,  before  the  teeth  of  the  awing  whetl  would  icape  free  of  the 
palleti;  that  is,  before  tl)c  cliiclii  would  Ik  set  a.guiug.  Th« 
weight  lo  each  vai  31b.  which  would  cau&e  either  of  the  pen. 
dulums  in  their  vibrations  to  describe  an  arch  of  3\  The  twu 
clock*  were  in  eases,  which  shut  rery  close,  and  plated  sidenayi 
lo  each  other,  ro  Dear  that  wiien  the  peadulums  were  at  rest,  tbry 
were  little  mure  than  about  two  feet  asunder. 

The  odd  pha^noDicna  observed  io  (hem  were  thew:  in  lens  than 
two  liotirs  after  ilfy  were  set  a-going,  one  of  them,  called  \d.  I, 
WIS  fouod  to  litop  ;  aod  whi-n  set  a.^olng  a^ain,  as  it  was  several 
times,  it  would  never  continue  going  four  hours  together.  As  it 
had  always  kept  going  with  great  freedom,  before  the  other  clock^ 
No.  2,  was  placed  near  it,  this  led  Mr.  E.  to  conceive  its  slopping 
must  be  owing  to  tome  influence  the  motion  one  uf  Ihe  pendulums 
had  upon  the  other;  and  on  watcbiug  them  more. narrowly,  the 
molionof  No.  -i  wxi  found  lo  iacreut  ai  No.  1  diminisbed;  and 
■J  i«  2 
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PnoTC  ^tU  floor,  be  pUced  them,  exactljr  iq  (be  nne  mn—r  n 
ICb  ibc  Is^l  cspftiBivnt,  on  lh«  tivor  patmral  nmtrr  lb«  |nixtt 
Faf  the  Bayal  Lxdiaiige,  and  Muck  tbe  pircr  of  wood  brlaxa 
1  tiKin,  as  before;  and  &ttiing  No.  1  a-goin^-,  the  only  ditmaet 
I  vu,  ibit  it  wM  fifieeii  mitiutes  iKfore  N'o.  3  was  *ct  kgaioj, uJ 
^.Wo,  I  canliautd  going  near  hklf  as  hoar  before  il  iioj>f>i'<L 

om  thcs«  ex)i'  rimeiiti  Mr.  E.  thinks  it  |>lainty  apfiran,  tte 
e  pi-nJulum  uliich  is  (iQl  iu  Diutiou,  as  it  inovrs  luwirtbdtbr 
\juAv  o(  tW  caw,  iD^rs  tlie  pn-»buie  on  llir  fert  of  Uie  me  tu  tm 
I  tfiMqnal,  bkiI,  bj  its  wtigbt,  occasiuiis  a  sni»ll  l*paring  or  moiiaa 
I  l«  tbe  C3S?  un  (hjl  tidi;  lowsrita  which  ih^  pendoluai  is  iiiO*in;( 
which,  h}'  tbe  inltriKisitian  of  aiij  Milid  bcKl)~,  will  be  eoik 
Municatett  In  Ike  other  cloi:);,  whi>ao  {jpiidulum  wms  Irit  at  mt. 
The  only  cljjeclion  lu  Iliis,  be  ('u(iL-rit«>,  ii  the  ilitli  rrni  ilfcdt 
vbtch  the  two  ptiMlulums  seemed  to  hate  on  each  utbt-r.  llattkii 
I  kc  hoi>es  (o  ciplain  to  (aliafaclion. 

For,  notwilhstuiding  these  diJrereul  efTocts,  he  toon  fount!,  b/ 
|«e«eral  expcrimenlf,  ll.ai  tlie  two  clucks  rouloalty  aliV^ird  tack 
I  «llicr,  and  in  tiie  »ame  manner,  though  rot  with  rqual  fori'*;  aa4 
F  4fca(  the  varielii'S  oliserred  in  their  actions  on  each  other,  trtM 
Bilfrom  the  unequal  lengths  of  (heir  pendulums  only. 

For,  on  moving  one  of  the  docks  to  another  pact  «f  lk«  noa, 
nd  Gcltiog  them  Iioih  a  golug,  \ie  fuunil  that  No.  2  gained  of  Ao. 
fX,  about  Im,  30s.  in  twenty. four  huurs.    'l\cu  Axin^  bolk  isaiDst 
e  rail,  as  a(  &rst,  he  set  them  a-going,  and  made  (he  pendulutM 


ribrale  about  4°;  but  he  s 
I  create,  and  tli:it  of  No.  2  tu  d 
It  describe  an  arch  large  enon 
I  Jn  a  little  lime  aftiT  il  began  to 
3  it  desrnlivil  an  anh  of  9' 


intimud  I. 


efor  ^ 


bvibrated  4%  as  whtn  llrst  set  » 
EjNo.  3  increased,  lliosc  of  J\~o,  1 
i  the  pendulum  did  not  drscribe 
Bt  Ihen  be^un  (o  increase  ajain,  am 


obserTMl  (hat  of  No 

ie ;   und  in  a  short  time  i(  did 

keep  th«  wheels  in  mottoo. 

again,  and  in  a  fvw  mu 

and  the  clock  went.     Its  ribra. 

considerable  (inie,  but  it  Direr 

'going.     While  the  ribntiau  ol 

decri-useil,  (ill  the  ctock  ttoppcd, 

I  arch  of  more   [liaa  t*  SO'. 

>u.  2  decrea!>e[I,  and  ilo{>p«d 


^■econd  dme,  but  was  set  a-guing  agiiin,  as  before. 
^D.  I  (topped  a  second  lime,  and  the  vibrations  Continued  to  ite. 
>  till  the  pendulum  was  almost  at  reif,  It  aXlt-rwardi  io. 
reased  a  sioaller  matter,  but  not  sulULienlly  to  set  the  work  a. 
■  foing,  But  Ni>.  2  continued  goirii;,  ii9  |)ciidulum  dwscribinj  an 
"juh  of  about  S\ 
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The  manner  in  which  the  motion  is  communicated  to  the  pen. 
duliim  at  rest,  he  conceives  to  be  thus :  as  the  pendulums  are  verj 
h^'ary,  when  either  of  them  is  S(>t  a.going,  it  occasions  by  its 
vibrations  a  very  small  motion,  not  only  iu  the  case  the  clock  if 
fixed  in,  but,  in  a  greater  or  U$s  degree,  iu  every  thing  it  toucbei; 
and  thi^  motion  is  comirunicated  to  the  other  clock,  by  means  of 
the  rail,  against  whirh  both  the  casos  bear.  The  motion  thus  com- 
municated, which  is  too  small  to  be  discovered,  but  by  means  of 
some  such  like  experiments  as  these,  may  be  judged  by  many, 
insufficient  to  make  so  heavy  a  pendulum  describe  an  arch  of  $% 
or  large  enough  to  set  the  work  a*going  ;  and  indeed  it  would  be 
so,  hut  for  the  very  great  freedom  with  which  the  pendulum  is 
made  to  move,  arising  from  the  manner  in  which  it  is  hung.  This 
appears  from  the  very  small  weight  required  to  keep  it  goings 
wiiieh,  when  the  clock  was  first  put  together,  was  little  more  than 
lib.  And  if  the  weight  was  taken  o(f,  and  the  pendulum  made 
to  swing  2%  it  would  make  1200  vibrations  before  it  decreased 
half  a  degree,  so  that  it  would  not  lose  the  3000th  part  of  an  Inch 
in  each  vibration.  Indeed  if  the  weight  uas  hung  on,  the  friction 
would  Lo  increased,  and  the  pendulum  would  not  move  quite  s# 
frtt>ly  ;  but  even  in  that  case  it  was  found  to  lose  but  litlle  more 
than  the  200^th  part  of  an  inch,  or  about  three  seconds  of  a  de- 
gree, in  one  vibration ;  and  therefore  if  the  motion  communicated 
to  it  from  the  other,  will  make  it  describe  an  arch  exrceding  3'^, 
the  vibrations  roust  continually  increase  till  the  work  is  set  a  going, 
And  that  the  motion  is  communicated  in  the  manner  above  sup. 
posed,  is  confirmed  by  the  following  experiments  : 

A  prop  was  set  against  the  back  of  the  case  of  No.  J,  to  pre- 
vent its  hearing  against  tl>e  rail ;  and  No.  1  was  set  a.going ;  then 
observing  them  for  several  luurs,  Mr.  E.  could  not  perceive  the 
least  motion  communicated  lo  No.  2.  He  then  set  both  tne  clocki 
a.going,  and  thp)  continued  going  several  hours;  but  he  could 
not  find  they  had  any  influence  on  each  other.  Instead  of  the 
prop  against  the  back  of  the  case,  he  put  wedgea  under  the  bot. 
toms  of  both  the  cases,  to  ])revent  their  bearing  against  the  rail ; 
and  stnck  a  piece  of  wood  between  them,  just  tight  enough  to 
8i»pport  Its  own  weight.  Then  setting  No.  1  a.going,  the  influence 
was  so  much  increased,  that  No,  2  was  set  a-going  in  less  than  six 
minutes,  and  No.  1  stopped  in  about  six  minutes  after.  In  order 
to  try  what  diflerence  would  arise,  if  the  clocks  were  fixed  on  a 
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acted  on  would  be  ended,  and  it  woald  begin  to  act  on  No.  2;  it 
which  time  its  ribrations  would  immediately  decrease,  and  cea. 
tinue  to  do  so  till  it  came  to  be  almost  at  rest.  And  thus  it  woiM 
continue,  sometimes  to  more  more,  and  at  other  times  lest,  bet 
ne?er  sufficiently  to  set  the  clocl^  a-going. 

IPhii.  Trans.  1739. 

In  summer,  the  thermometer  being  at  W^,  Bianconi  obscrred, 
that  seTenty.six  Tibrations  of  the  pendulum  elapsed  while  a  sonad 
passed  OTer  thirteen  miles ;  in  wiuter  scyentj.nine  seconds,  the 
thermometer  being  at  1.9^  In  a  cloud  or  mi&t  155^  elapsed  whiU 
the  sound  passed  and  repassed.  Hence  the  air  shonld  expaod  -^ 
for  21.2%  or  yy^  for  l"*  of  the  thermometer  employed,  probahij 
Reaumur's,  which  is  f^j  for  V  of  Fahrenheit. 

Chladni  infers,  from  the  longitudinal  Tibration  of  different  sab. 
stances  a  Telocity  of  7800  feet  in  a  second,  in  tin  ;  0300  in  silrer; 
12500  in  copper ;  17500  in  glass  and  iron  ;  from  1 1000  to  18000 
In  wood ;  from  10000  to  12000  in  tobacco  pipes.  His  obsemu 
tions  are  fully  confirmed  by  calculations  from  diflferent  grooods. 
According  to  the  elasticity  of  fir,  as  inferred  from  an  experiflKst 
of  Mr.  Leslie,  the  Telocity  of  an  impulse  should  be  17800. 

Most,  perhaps  all,  gases,  are  mediums  of  sonnd^  and  by  tbck 
change  of  temperature  produce  sound.  This  is  particularly  the 
case  with  hydrogen  gas.  Aqueous  rapour,  that  of  ether,  and  of 
phosphorous  acid,  produce  a  similar,  but  bli^hter^  efiect. 

[^Bianconi.  Brugnatelii,  Chladni,  Deiarive.  Youn$, 
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